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TRANSLATOR'S  PREFACE 

It  has  b*cn  well  said  that  the  man  who  has  learned 
two  languages  possesses  two  souls.  Slill  more  truly  may 
it  be  asserted,  that  he  who  has  studied  a  science  from 
the  different  points  of  view  of  two  schools  of  thought, 
possesses  a  double  understanding  of  his  subject. 

In  the  past,  we  have  been  greatly  indebted  to  the  school 
of  French  ckctrology.  the  school  of  du  Bois  Reymond  and 
Duchnmc,  of  ApostoU  and  d'Arsorti'at. 

I  trust  I  am  doing  a  service  to  the  English-speaking 
race,  by  introducing  to  its  notice  the  more  recent  work 
of  the  French  cleclro-lhcrapeutic  school,  so  ably  sum- 
marized by  Dr.  GuUteminot. 

W.  Dbane  Bi;tciur. 

Ealing,  igo6. 


59 154 


PREFACE 


Of  all  the  subsidiary  branches  of  medicine,  Medical 
Electricity  is  the  one  which  has  made  the  greatest  ad- 
vances during  the  last  few  years. 

Static  electricity,  and  the  Galvanic  and  Faradic  cur- 
rents have  long  Wen  used  for  trealment.  Recomly,  how- 
ever, other  forms  of  electrical  energy,  high  frequency 
currents,  sinusoidal  currents,  undtilatory  currents  and 
others,  have  been  introduced,  and  tlieir  therapeutic  value 
abundantly  proved.  To  these  may  be  added  the  luminous 
and  caloric  radiations,  the  X-rays,  and  forms  of  radiations 
with  every  variety  of  wave  length,  from  the  slow  vihralions 
of  the  Hertzian  waves,  up  to  high  frequency  currents,  and 
Ihe  rapid  oscillations  of  ultra-violet  liglit. 

Medical  radiology,  of  which  Rontgen  radiolc^'  is  but 
a  branch,  has  considerably  extended  the  domain  of  the 
medical  electrician.  The  use  of  the  newer  radiations  can- 
not be  dissociated  from  electrical  practice,  practically  be- 
cause these  radiations  are  usually  generated  by  some 
form  of  electrical  apparatus,  and  theoretically  because  all 
transverse  oscillations  of  the  ether  arc  in  reality  elec- 
trical phenomena.  hIaxtveU's  electro-magnetic  theofy  of 
light  receives  fresh  confirmation  every  day. 

The  medical  eledrician,  therefore,  must  be  as  well  ac- 
quainted with  radiant  electricity  as  with  current  elec- 
tricity. 

His  knowledge,  however,  must  not  end  here.  It  is  not 
enough  to  be  an  electrician  and  an  expert  operator.  He 
must  also  be  a  master  of  physical  biolog>-.  Alt  vital  pro- 
cesses are  connected  with  electric  phenomena,— osmosis. 
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allcrations  in  surface  iciisioii,  ionisation.  the  various 
chcmico-physical  processes  connected  with  assitnilation 
and  catabolism,  the  functions  of  nutrition  and  cell  mo- 
lion,  are  all  accomi>anied  by  the  production  of  electricity. 
They  are  occasioned  by  dit?crcnces  of  potential  which 
may  be  demonstrated  experimentally. 

If  the  progress  of  science  finally  enables  us  to  master] 
this  force,  which  is  the  very  essence  of  life,  and  to  sut^' 
jugate  it,  as  steam    has  been  subjugaled  to  the  semce 
of  mankind,  we  shall  have  ready  to  our  hands  the  most 
potent  curative  agent  ever  ima^^incd  to  modify  the  evolu- 
tion and  ameliorate  the  condition  of  living  beings. 

Unfortunately  we  have  not  yet  arrived  at  this  stage.! 
Kone  the  less  is  it  important  for  us  to  study  all  the  facts 
whicli  demonstrate  the  proiluction  of  electricity  by  living 
tissue.  Quite  recently  a  new  proup  of  phenomena  haS) 
been  discovered,  which  if  they  are  confirmed  by  further 
investigation,  will  establish  a  new  link  between  life  and 
eleetricily.  Tlie  ncivly  discovered  radiations  of  MM. 
Blondlot  and  Ckarfenlier  add  one  more  evidence  of  the 
fact  that  all  perturbation  of  living  tissue  is  accompanied 
by  a  difference  of  electrical  potential,  and  creates  around 
it  a  field  of  irradiation.  Without  anticipating  discoveries 
still  in  a  nebulous  state,  wc  may  a.sscrt  that  medical  elcc- 
Irolog)'  should  embrace  the  study  of  »nimal  electro- 
genesis  which  touches  so  nearly  our  very  conception  of 
life. 

The  practitioner  who  endeavours  to  employ  the  various 
forms  of  electric  energy  without  a  knowledge  of  the  laws 
which  govern  them,  is  but  an  artisan  working  by  rule  of 
thundi,  incapable  of  improvement,  and  always  liable  to 
failure. 

Each  year  brings  to  us  a  long  procession  of  new  dis- 
coveries.    Medical  sciences  cannot  afford  to  await  matur- 
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ity  before  being  formulated.  As  new  materials  accumu- 
late in  the  laboratory',  the  whole  of  the  raw  material  of 
past  knowledge  must  be  thrown  into  the  furnace,  and 
our  scienlilic  and  medical  theories  must  be  recast. 

I  present  this  work  therefore  as  a  »ynthcsi!i  of  our 
knowledge  concerning  the  different  forms  of  electrical 
*"*^*W'  I'  ^^  I**^"  wrillen  nntlcr  The  powerful  impulse 
of  Prof.  Bouchard,  and  of  a  school  whtch  has  done  good 
services  in  all  branches  of  medicine. 

Prof.  Bouchard  has  ever  insisted  on  the  idea  tliat  medi- 
cine must  tend  more  and  more  to  take  its  place  among 
the  exact  sciences.  His  observations  have  always  been 
made  "chidres  en  main."  He  is  physicist,  chemist  and 
mathematician  in  turn.  Itcncc  he  has  ever  welcomed 
with  enthusiasm  the  advances  of  biological  physics  and 
medical  electricity. 

It  was  in  his  laboratory  that  he  foretold  the  part  that 
X-rays  would  play  in  medicine,  at  a  time  when  the  X- 
rays  were  a  mere  object  of  curiosity.  In  a  few  months 
he  demonstrated  the  wide  role  that  Radioscopy  was  des- 
tined to  play  in  medicine.  The  diagnosis  of  plcurigy,  tuber- 
culosis, aneurism,  and  the  influence  of  the  Hertzian  waves 
were  studied  at  a  very  early  period  in  the  laboratory  of  the 
HfifMtal  de  la  Charite. 

These  researches  were  continued  when  Pro(.  Bouchard 
placed  in  my  hands  the  direction  of  the  Laborator)-. 
Some  of  my  arrangements  of  apparatus  have  come  into 
general  use.  such  as  my  focus-tube  stand  with  indicator 
of  incidence,  and  my  high  frequency  spirals.  Others, 
such  as  the  ortlio-dtagraph  and  the  radto-ciiiemalograph, 
have  given  useful  results  in  the  study  of  the  thoracic 
oi^ans. 

It  was  in  this  laboratory,  as  long  ago  as  i860,  that 
Prof.  Bouchard  did  his  woric   on  the  injurious  effects  of 


PREFACE. 


cylonr«d  light  of  various  wave  lengths  on  the  skin. 
Erythotiia  pellagretix  \va.s  iilcntified  an  a  solar  erythema, 
and  tlic  "coup  dc  solcil"  was  shewn  to  be  the  effect  of 
violet  radiations  of  short  period. 

Since  ihni,  whenever  new  facts  or  hypotheses  hsve 
appeared,  whether  X-rays,  high  frequency  currents,  the 
ladiatiuns  of  Blondlol,  or  the  radiation  of  radio-active  sub- 
.stances,  they  have  been  received  with  entJiusiasm,  and 
subjected  to  a  searching  and  critical  examination.  This 
work  has  been  written  with  the  dominant  idea  that  medi- 
cine should  draw  as  much  assistance  as  possible  from 
the  accessory  sciences,  and  more  especially  from  physics. 
The  theoretical  study  of  electrical  energy  in  the  first  part 
of  my  book  should  not  discourage  the  student,  nor  should 
the  study  of  physiological  effects  which  I  have  treated 
in  the  second  part.  Both  arc  the  necessary  prelude  to 
the  practice  of  electro-therapeutics. 

With  a  knowledge  of  the  science  of  electricity,  the 
medical  electrician  will  have  a  sense  of  intellectual  satis- 
faction accompanying  each  step  of  his  career,  and  will 
be  duly  armed,  so  as  to  be  able  to  apply  his  art  with 
precision  and  to  mark  out  for  himself  new  paths  for 
conquest. 

A  mode  of  treatment  which  has  given  such  unloofced 
for  results  in  Cancer — the  most  incurable  of  all  maladies, 
— may  certainly  expect  further  triumphs,  Tlicre  is  much 
work  to  he  done,  and  we  may  be  certain  ihat  the  future 
of  Electro-therapeutics  reserves  for  us  still  further  sur- 
prises, and  for  humanity  still  greater  services. 
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INTRODUCTION 


I.     Divisions. — This     work     ts     divided     into     tbree 
parts. 

Part  I  is  devoted  to  the  Physics  of  electricity  and  to 
questions  of  technique. 

Part  II  deals  with  the  physiological  effects  of  tlK<vaij(i 
ouft  forms  of  electricily.  and  with  the  other  physical 
therapeutic  agenu  in  which  electricity  is  the  motive 
force. 

Part  III  contains  the  medical  portion  of  the  work.  The 
'  electro-diagnostic   and   electro- therapeutic    treatment    of 
each  disease  are  treated  together.    Electro-diagnosis  was 
formerly  confined  almost  entirely  to  a  single  division  of 
neuro- muscular  pathology,  but  its  scope  has  of  late  be- 
come greatly  enlarged.    The  third  part  therefore    forms 
I  a  sort  of  compendtun).     Under  each   pathological   condi- 
Ition  are  given  firstly  its  diagnosis,  and  then  the  various 
I  methods  of  treatment, 
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2.  DivisioiKot  the  subject.— The  medical  electrician 
cmpIo]^jr^ous  forms  of  electrical  cncrRy. 

Not  only  Js  electricity  employed  diroclly  as  a  thera- 
peutic agent,  but  it  is  also  used  as  a  generator  of  motion, 
heat,  light,  Rontgen  rays  and  phystco-chcroical  reactions. 
It  is  also  used  indirectly  for  such  purposes  as  the  gene- 
ration of  ozone.  In  the  first  part  we  propose  to  study 
briefly  the  physical  facts  ivlitcli  must  be  understood  to 
enable  us  to  utilise  electrical  energy  in  all  its  forms. 

Wc  shall  take  them  in  the  following  order; 

I. — Galvanic  Currents. 

II. — Faradic  Currents. 

in. — Sinusoidal  Currents. 

rV. — High-frequency  Current*. 

V. — Electrostatics. 

VI. — Rontgen  Rays. 

VI  r. — Electro-cautery. 

VII  I. — Ozonisation. 

IX. — Electricity  as  a  Generator  of  Motion  in  Vibra- 
tory Massage,  etc. 

X. — Phototherapy  and  Thcrmothcrapy. 

XI. — Magnetism  and  Electromagnets. 


CHAPTER   I. 


THE  GALVANIC  OR  CONTINUOUS  CURRENT. 


I. — General  coDiidci*tiaD  an  tbe  action  uT  calv«Bie  eutrcnls. 

3.  Definition. — llie  term  galvanic  current,  or  con- 
tinuous current,  is  applied  to  the  phenomena  which  oc- 
cur throughout  the  length  of  a  conductor,  the  two  ends 
of  which  arc  maintained  at  different  potentials  by  an 
electromotive  force. 

The  typical  continuous  current  is  that  which  is  ob- 
tained from  an  ordinary  galvanic  cell.  The  current  re- 
mains constant  so  long  as  the  potential  at  the  extremities 
of  the  conductor  is  kept  constant.  i.e.,  when  there  is  no 
variation  in  the  condition  of  the  cell  during  use. 

4.  Character  of  the  continuous  current. — Fig.  I  shows 
the  curve  of  the  continuous  current,  the  lapse  of  time  be- 
ing represented  by  the  abscissae,  and  the  strength  of  the 
current  by  the  ordinates.    The  variabU  period  of  closure  is 


TTi 

Fig.  t. 

represented  by  a  b.  It  is  the  iritcr\'al  during  which  the 
current  is  attaining  its  full  value.  Tf  the  circuit  is  closed 
instantaneously,  a  b'  is  nearly  vertical.  If,  on  the  con- 
trary, the  current  is  increased  gradually  from  zero  to  its 
full  value  by  means  of  a  rheostat,  a  b'  will  be  oblique. 
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Th«  ptriod  of  the  permanent  slate  is  reprcscnt«l  by  b  c, 
the  interval  during  which  the  current  passes.  If  the  cur- 
rent is  constant,  b'  c'  will  b«  parallel  to  b  c. 

The  variable  period  of  break  is  represented  by  c  d,  the 
time  that  elapses  during  the  opening  of  the  circuit. 

5.  Electrical  quantities  and  units. — When  a  current 
passes  through  a  conductor  there  are  a  number  of  factors 
to  be  considered.  These  include  the  electromotive  force, 
the  difference  of  potential  between  the  extremities  of  the 
circuit,  the  intensity  of  the  current,  the  quantity  of  elec- 
tricity, the  resistance  and  conductance  of  the  circuit,  and 
the  specific  resistance  and  conductivity  of  the  metal 
forming  the  conductor,  the  capacity  of  the  conductor, 
the  electric  energy  and  the  power  of  the  current. 

All  these  quaniilies  require  different  units  for  their 
measurement,  the  Volt,  Ampere,  Coulomb,  Ohm,  etc., 
which  arc  derived  from  the  three  fundamental  units  of 
the  C.G.S.  system. 

f>.  Fundamental  quantities  and  units  of  the  C.G.S. 
sjrstem. — The  three  fundamental  quantities  in  the  C.G-S. 
system  arc: 

Length L 

Mass M 

Tune T 

The  symbols  L..  M.  and  T,  arc  usually  used  to  repre- 
sent these  quantities. 
The  corresponding  units  employed  are: 

The  Centimetre C 

The  Gramme G 

The  Second S  ' 

7.     Derived    Electro-Dynamic   Quantities. — All    other 
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quantities,  sach  as  (luamity  of  electromotive  force, 
strength  of  current,  etc,  are  derived  from  the  fundamen- 
tal quantities  L.,  M.  and  T.,  and  are  expressed  as  func- 
tions of  L.,  M.  and  T.  The  units  used  in  the  measure- 
ments of  these  quantities  are  similarly  derived  from  the 
fundamental  C.G.S.  unitii. 

Every  derived  unit  has  its  own  syniboiic  formula,  com- 
posed of  the  letters  L.  M.  T.  with  suitable  indices.  This 
formula  is  said  to  indicate  the  dimensions  of  the  quantity, 
or  the  relation  which  the  unit  bears  to  the  fundamental 
quantities.  Thus  the  measurement  of  area  has  for  its 
dimensions  L*,  the  product  of  two  lengths.    A  velocity 


has  the  dimensions  — 
T 


or  L  T'',  since  it  is  a  length,  the 


I 


distance  travelled,  divided  by  the  time  employed  in  trav- 
ersing the  distance.  

The  strength  of  a  magnetic  pole  is  VI-*MT"'  or 
LV»M'/*T-',  for  it  is  the  square  root  of  a  force,  LMT-* 
multiplied  by  a  length  L. 

These  symbols  enable  us  to  tell  at  a  glance  how  a  de- 
rived quantity  will  vary  when  we  alter  the  value  of  one 
of  the  fundamental  quantities  from  which  it  is  derived. 

8.  Derived  Electro-dynamic  Units. — Electro-dynamic 
quantities  are  measured  by  units  derived  from  the  funda- 
mental units. 

The  units  used  in  practise  are  generally  multiples  or 
sub-multiples  of  the  theoretical  units.  Thus  the  ampere, 
the  practical  unit  of  current,  is  Vn  of  the  C.G.S.  unit. 

The  electrical  units  in  genera!  use  are  tliose  adopted 
by  the  Congress  of  Chicago  in  1893.  They  are  called  the 
International  C.G.S.  units. 

9^  Intensity  of  Current  I. — The  intensity  of  a  current 
is  the  magnitude  of  the  flow  of  electricity  along  a  con- 
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ductor.  Its  dimensions  are  L"/*Ilkr/»T-'.  The  C.G.S. 
unit  of  intensity  is  the  intensity  of  a  current,  which  when 
traversing  a  conductor  one  centimetre  in  length,  bent 
into  an  arc  of  a  circle  one  centimetre  in  radius,  will  exert 
a.  force  of  one  dyne  on  a  unit  magnetic  pole  placed  at 
the  centre  of  tJie  circle. 

The  ampere,  or  practical  international  unit,  is  one-tenth 
of  a  C.G-S.  unit.  The  unit  chiefly  used  in  ntcdicioe  is 
the  milliampere,  equal  to  -—r^  ampere. 

ID.  Quantity  of  Electricity  Q. — When  water  flows 
through  a  pipe,  the  quantity  of  water  issuing  from  the 
pipe  in  a  given  time  is  a  function  of  the  strength  of  the 
current.  The  strength  of  the  current  may  therefore  be 
measured  by  the  quantity  poured  out  in  unit  time,  and 
the  intensity  of  the  current  is  therefore  the  quotient  of 
the  total  quantity  of  water  divided  by  the  time. 

Conversely,  the  total  quantity  of  water  obtained  in  a 
given  time  is  the  product  of  the  strength  of  the  current 
into  the  time.  In  order  to  obtain  the  symbolic  formula 
for  quantity  therefore,  we  must  multiply  the  expression 
for  strength  of  current  by  the  fundamental  unit  T. 

In  like  manner  the  quantity  of  electricity  is  the  product 
of  the  intensity  of  current  by  the  lime,  and  its  formula 
is  therefore  L'/'M'/'T"  multiplied  by  T  or  L»/»M'/». 

The  CG.S.  unit  of  quantity  is  the  quantity  carried  by 
unit  current  in  one  second. 

The  practical  unit  is  the  Coulomb,  which  is  equal  to 
one-tenth  of  a  C.G.S.  unit 

ii.  Electromotive  Force  E. — The  Electromotive  force, 
E.M,F.,  is  the  physical  or  chemical  cause  which  maintains 
a  difference  of  potential  at  th«  two  extremities  of  a  cir- 
cuit, and  thus  causes  an  electric  current  to  flow  through 
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A  given  quantity  of  water  in  falling  will  perform  an 
amount  of  work  proportiona)  to  the  height  through 
which  it  fallK.  When  the  quantity  of  water  is  kept  con- 
stant, the  work  done  may  be  taken  as  a  measure  of  the 
height  through  which  the  water  has  fallen. 

Similarly  a  given  quantity  of  electricity  will  perfomi} 
an  amount  of  work  proportional  to  its  diflference  ofi 
potential,  or  the  electro-motive  force  which  causes  it  to 
move.  This  work  is  the  product  of  the  quantity  into  the 
electromotive  force.  Electromotive  force  is  thus  meas- 
ured by  work  L'MT"*  divided  by  a  quantity  of  electricity 
Uf^W/K     Its  dimensions  are  therefore  L'/*MV*T-*. 

The  unit  of  electromotive  force  is  the  force  wtiich, 
when  applied  to  unit  quantity  of  electricity,  will  produce 
one  C.G.S.  unit  of  work  (one  Erg). 

The  Volt,  which  is  the  practical  unit  of  electromotive 
force,  is  lO^  C.G.S.  units, 

12.  Difference  of  Potential  V.— The  difference  of 
potential  caused  by  an  electromotive  force  is  a  direct 
function  of  that  force. 

For  the  definition  of  absolute  potential  the  reaiJer 
should  consult  paragraph  143  of  the  chapter  on  Electro- 
statics. 

The  dimensions  of  the  difference  of  potential  will  be 
the  same  as  tho&c  of  electromotive  force,  vis:  LV'M'/*T-*. 
The  unit  is  also  the  same  for  difference  of  potential  and 
for  electromotive  force.  The  practical  unit  for  both  is 
the  Volt. 

13.  Resistance  R.— The  resistance  of  a  circuit  is 
the  obstruction  which  it  offers  to  the  passage  of  the 
electric  current.  The  resistance  of  any  conductor  is 
a  function  of  its  cross  section,  its  length,  and  a  coef- 
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Its  dimensions 


ficient  called  the  resistivity,  which  varies  according  to 
the  substance  uf  which  it  is  made. 

The  resistance  is  measured  by  the  ratio  of  the  E.M.F, 
to  the  current  through  the  conductor.  It  is  th«  quo- 
tient of  an  electromotive  force  by  an  intensity  and  is 
therefore  represented  by  L'/'M'/T"*  divided  by 
L'/'M'/T",  or  LT-'. 

The  C.G.S  unit  of  resistance  is  the  resistance  of  a  con- 
ductor through  which  unit  electromotive  force  will  cause 
unit  current  to  flow. 

The  Ohm,  the  practical  unit  of  resistance  is  lo*  C.G.S. 
units  of  resistance.  It  is  represented  by  the  resistance  at 
o'  CcntiKrade.  of  a  cylinder  of  mercury  106.3  centimetre* 
in  height  and  weighing  14-4321  grammes. 

14.  Capacity  C. — The  capacity  of  a  conductor  is  the 

ratio  of  its  charge  to  its  potential,  X- 

arcT'L*.     (175  and  168.) 

When  a  conductor  is  such  that  unit  quantity  of  elec- 
tricity increases  its  potential  by  one  C.G.S.  unit,  that 
conductor  is  said  to  have  unit  capacity. 

The  practical  unit  of  capacity  is  the  Farad.  It  is  the 
capacity  of  a  conductor  which  when  charged  with  one 
Coulomb  has  a  potential  of  one  voU.  A  Farad  is  c<iual  to 
lo"  C.G.S.  units. 

15.  Electric  Energy  or  Work  W.— The  unit  by 
which  all  work  is  measured  has  the  dimensions  L*NfT'*, 
t>eing  the  product  of  a  force  LMT*  into  the  distance,  L, 
through  which  the  point  of  application  is  tnove<I.  llic 
C.G.S.  unit  of  work  is  the  Erg",  which  is  the  work  done 
by  one  dyne  in  movHng  its  point  of  application  through 
a  distance  of  one  centimetre.  The  C.G.S.  unit  of  dec* 
trical  work  is  also  the  erg.  The  Joule,  the  practical  unit 
of  work,  is  equal  to  lo^  ergs.    It  is  the  work  done  in  one 
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second,  by  a  current  of  one  ampere,  in  passing  through 
a  comloctor  whose  resistance  is  one  ohm. 

16.  Power  P. — The  power  of  a  machine  is  its  rate 
of  doing  work.  Power  is  therefore  measured  by  the 
quotient  of  the  work  done  L'MT'*,  by  the  time  taken  T, 
and  its  formula  is  therefore  L*MT*. 

The  C.G.S,  unit  of  power  is  the  power  of  a  machine 
which  will  do  one  erg  of  work  per  second. 

The  practical  unit  of  electrical  power,  one  Joule  per 
second,  is  termed  a  Watt.  The  watt  is  equal  to  10' 
ergs  per  second. 

17.  Relations  between  the  Different  Quantities. — 
(A)  Ohm's  Law. — The  iatcnsity  I  of  a  current  is  equal 
to  the  electromotive  force  E,  divided  by  the  re»istance  of 
the  circuit  R. 


'=1 

whence 

E  =  IR 

and 

«=? 

(B)  The  quantity  of  electricity  is  measured  by  the 
product  of  the  current  into  the  time  during  which  it  is 
passing, 

Q  =  IT 

(C)  The  work  W,  prodticed  by  a  quantity  of  elec- 
tricity Q,  is  proportional  to  the  electromotive  force  E 
wiiich  drives  it. 

W  =  QE  =  EIT  =  PRT 

(D)  The  power  is  the  work  done  in  unit  time.  It  is 
therefore  measured  by  the  total  work  EIT,  divided  by 
the  time  taken  T. 

P  =  EI 
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PfodncUon  of  CoDtinuaas  Currents  for  Hedica]  Work. 

I.    FACTOaS  COMUOK  TO  MJ.  FORMS  Of  ELECTSIC  GENEILATOBS, 

tS.  Character  of  current  suitable  for  medical  purposes. 
—For  medical  work,  continuous  currents  must  be  constant, 
t>.,  their  diaracteristic  curve  should  be  a  straight  line  par* 
allel  to  the  (imc  axis  of  the  curve.  The  maximum  ck-ctro- 
motivc  force  should  be  from  40  to  50  volts,  since  the  current 
should  be  capable  of  variation  from  o  to  about  250  milli- 
amperes.  Such  a  current  may  be  obtained  from  a  battery 
of  primary  cells,  from  accumulators,  or  from  a  dynamo;  or 
if  there  is  a  conlinuotiik  current  .supply  from  the  public 
«nains,  this  may  be  utilised  dirwtly. 

For  tlie  application  of  the  current  we  need  resistances, 
conductii^  wires,  and  various  measuring  instruments.  The 
whole  apparatus  for  measurement  and  r«.-gulatii>n  is  gen- 
erally placed  together  on  a  distributing  board  or  table. 

19.  Coostanu  of  the  Continuous  Current  Generator. — 
Whatever  form  of  generator  is  used  for  tlic  production  of 
the  current,  we  may  consider  it  as  possessing  a  dciinitc  elec- 
tromotive force  E,  and  an  internal  Tcsisiance  r. 

In  a  primary  galvanic  cell  the  elcctromolivc  force  is  de- 
termined by  the  chemical  reaction  which  takes  place  on  the 
surface  of  the  metal  plate.  Its  value  is  therefore  constant 
whatever  the  shape  and  size  of  the  cell  may  be. 

The  current  has,  however,  a  certain  resistance  to  over- 
come while  traversing  the  liquid  in  the  cell,  in  order  to 
reach  the  positive  electrode.  Tliis  resistance,  which  varies 
with  the  composition  of  the  liquid  in  the  cell,  and  witli  tlie 
distance  between  the  electrodes,  is  termed  the  internal  re- 
sistance of  the  cell. 

20.  Current  generated  by  an  electromotive  force  E. 
with  intenul  resiittnce  r. — If  the  terminals  of  an  electric 
generator  be  connected  by  a  conductor  of  resistance  R,  the 
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ctirrent  which  will  traverse  the  circuit  is  perfectly  definite. 
We  may  determine  mathematically  its  strength  and  power, 
and  the  difference  of  potential  at  the  two  terminals. 

21.  Intensity  of  Current  produced  by  a  Generator 
with  Constants  E,  and  r,  in  a  conductor  of  Resistance  R.— 
The  strength  of  a  current  is  equal  to  the  electromotive  force 
E.  divided  by  the  total  resistance  of  the  circuit,  i.e.,  by  the 
sum  of  the  inlernal  and  external  resistances.  This  is  ex- 
pressed by  the  equation : 

R  +  r 

22.  Power  of  the  Current. — The  power  of  a  generator 
is  given  by  the  formula 

p  =  Er 

This  power  is  composed  of  two  portions,  the  usffui  power 
and  tlic  internat  power  whidi  is  dissipated  as  heat. 

(a)  The  external  or  useful  power;  L«.,  (he  available 
power  Pu  is  given  by 

p„  =  vr 

where  V  is  the  difference  of  potential  at  the  tenninals,  and 
I  is  the  inlensity  of  the  current. 

(b)  The  internal  power  P9  is  given  by  Joule's  law, 

?e  =  rl*. 

Note — P.  =  VI  might  also  be  written  P«=RIS  since 
V  =  RI. 

The  intern.ll  and  external  power  are,  therefore,  of  the 
same  nature,  and  in  the  equation  PO  =  rP,  the  quantity  rl 
may  be  regarded  as  the  fall  of  potential  between  the  point 
of  origin  of  the  current  and  the  battery  terminals. 

23.  Difference  of  potential  at  the  Terminals. — The 
useful  or  effective  difference  of  potential  is  the  difference 
of  a  potential  between  tlie  two  external  terminals  of  the 
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electric  generator.  This  is  always  less  than  the  diffcreiKC 
of  potential  originally  set  np  by  the  electromotive  force  of 
the  generator.  The  effectirc  difference  of  potential  V  may 
be  expressed  as  a  function  of  E,  r,  the  constants  of  the  elec- 
tric generator,  together  with  I  ihc  current  in  the  circuit, 
and  R  the  external  resistance. 
From  the  formula 

P=EI  =  VH-rI»  (23)  wegc* 
(»)  V=E— rl. 

Now  rl  is,  as  we  have  seen,  the  drop  of  potential  within 
the  cell.      Again 

(b)  v=E-r^=E^ 

These  eqtiations  show  that  V,  the  difTcrcncc  of  potential 
at  the  terminals,  decreases  as  the  strength  of  the  current 
increases.  V  also  decreases  with  any  decrease  of  the  exter- 
nal resistance,  reaching  lero  when  R  =  0,  i.e.,  when  the 
battery  is  sliort-circuitcd.  As  tljc  current  decreases  and  R 
increases,  V  approaches  the  value  of  E  (Uic  constant  electro- 
motive force  of  the  generator),  only  reaching  the  value  E 
in  the  limiting  case  when  1  =  0,  i,f.,  when  R  becomes  in- 
finite.   This  can  only  occur  when  the  circuit  is  open. 

24.  Relations  required  between  R  and  r  to  give  tho 
maximum  power. — With  a  generator  whose  constants 
are  E  and  r,  we  know  that  the  useful  power  Pu  15  the 
product  of  the  available  difference  of  potential  V  and  the 
current  I. 

P„=VI. 
I  may  be  expressed  in  terms  of  E,  r,  and  V. 

I  =  -^~  (from  (a)  in  paragrapli  33),  therefore 


P  = 
a 


VfE-V) 


u 
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(E-V  is  the  factor  which  we  have  already  met  with  as  rl, 
the  internal  fall  of  potential.) 

From  ttiis  expression  we  see  that  the  value  of  Pn  increases 
with  an  increase  in  the  value  of  V  (E-V).  Now  this  quan- 
tity is  the  product  of  two  factors  whose  mm  is  a  constant, 
since  it  is  equa!  to  E,  the  electromotive  force  of  the  gen- 
erator.   {V-l-(E-V)  =E.) 

Such  a  product  will  have  a  maximum  value  when  the 


E.V  =  V  or  V=    - 

2 


two  factors  are  equal,  i-e.,  when 

Hi 
In  this  case   „  =  _^  and  therefore  R  =  a.    (33  b) . 

Thus,  in  order  to  get  the  maximum  power  from  a  gen- 
erator with  constants  E  and  r,  the  resistance  R  of  the  exter- 
nal circuit  should  be  equal  to  r  the  internal  resistance. 

When  this  is  the  case  we  get 

R  =  r: 


r         4r 

25.*  Given  an  externa]  circuit  of  non-variable  resist- 
ance R.  to  vary  the  effective  power  by  changing  r  the 
internal  resistance. — This  is  a  very  important  problem  in 
medical  electricity.  The  resiMancc  R  of  the  human  body 
cannot  be  varied  at  the  will  of  the  operator,  and  tlicrcfore 
cannot  be  reduced  so  as  to  equal  r.  The  problem  thus  re- 
solves itself  into  a  choice  of  the  best  generator  to  obtain  the 
maximum  of  useful  power. 

■P,  =  VI  (par.  22,  a.) 
V  =  RI  (Ohm's  Uw) 
E 


andl^ 


R  +  r 


P„     =RI'=2E' 


(R+r)" 
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Since  E  i»  invariable,  and  R  cannot  be  varied  at  will,  we 
must  reduce  r  to  a  minimum  iu  order  to  make  Pu  as  large 
as  possible. 

36.  Rules  for  obtaining  the  maximum  effective 
power. — Wilh  a  generator  whose  constants  are  E  and  r, 
and  a  variabk-  external  resistance  R,  the  useful  power 
is  greatest  wbcn  R  =  r,  i.e.  wben  the  external  resistance 
has  been  so  adjusted  as  to  be  equal  to  tlic  internal  rcsist- 

E* 
ance.    When  tliis  maximum  power,  P»  —    —      (par.  24) 

41" 
has  been  attained,  if  we  can  diminish  the  value  of  r,  whilst 
still  keeping  R  constant,  we  nuiy  still  further  increase  Ihc 
available  power.  The  generator  will  now  no  longer  be 
working  under  conditions  of  maximum  efficiency,  but  the 
Bwer  thus  obtained  is  nevertheless  greater  (han  the  maxi- 
uni  obtainable  when  r  had  its  original  value.  By  dimin- 
ishing r.  one  of  the  constants  of  the  generator,  we  have  in- 
creased the  maximum  power  whtdi  it  was  capable  of  ren- 
dering. 

It  is  due  lo  a  confusion  between  these  two  prc^>o$itions 
that  some  authorities  have  recommended  batteries  with  high 
internal  resistance  for  medical  work, 

27.    Efficiency. — The  efficiency  of  a  generator  is  the 
ratio  of  the  available  power  Pn  to  the  total  power  P. 
P.  _  ^I  _  V. 

F        El         E  . 

A  generator  working    under   conditions    of ,  maximum 

power  has,  therefore,  an  efficiency  of  1- 

2  '■     . 

The  maximum  cfficienc)'.  ie.,  Pa  =  P.  is  only  obtainable 
,when  V  =  E,  t.r,  when  the  circuit  is  open.  The  efficiency 
ts_*greatest  when  the  current  is  least.  It  is  smallest  when 
the 'current  is  largest,  and  approaches  zero  when  the  gen- 
^tpr.is  sbort'ciran'tcd. 
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28l  Grouping  of  generators. — Generators  of  electrical 
current  may  be  coupled  together  in  three  different  ways>- 

(l)  In  series: — The  positive  pole  of  one  cc!!  Is  connected 
to  the  negative  pole  of  the  succeeding  one,  and  m>  on. 

(3)  /«  /lora/W-— All  ilJe  positive  poles  are  connected 
together,  and  all  the  negative  poles  arc  also  connected 
together. 

(3)  Mixed  grouf'ing: — Several  cells  are  connected  in 
parallel  to  form  a  group,  and  these  groups  are  then  con- 
nected together  in  series,  or  vice  verta. 

29.  Grouping  in  series  of  n  generators  whose  con- 
stants are  «  and  p. — In  this  case  the  group  of  generators 
has  3  total  electromotive  force  of  n*  and  an  internal  re- 
sistance of  T\p. 

The  current  in  a  circuit  with  external  resistance  R  is 
given  by 

n< 


1  = 


(par.  ai) 


np-}-  R 

The  difference  of  potential  at  the  terminals  is  given  by 

V  =  n«  —  npl 

30.    Grouping  in   paraJlcl  of  n   cells  with  constants 
(  and  p. — The  electromotive  force  of  such  a  group  is  equal 

to  (,  and  its  internal  resistance  is  - . 

n 

Id  a  circuit  with  external  resistance  R,  the  current  is. 


1  = 


p  +  R      p  +  nR 
and  the  difference  of  potential  at  the  terminals  is, 


V  =  «— -I. 
n 
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31.  Mixed  grouping  of  n  generators  with  constants 
[«  and  p. — Wc  may  make  t  groups,  each  of  q  cells  oon- 
'nccted  in  parallel,  and  then  connect  up  these  groups  in  se- 
ries. Or  we  may  get  the  same  result  by  making  q  groups, 
cacb  consisting  of  t  elentents  in  series;  and  tlien  connecting 

I  Dp  thc^  q  groups  in  parallel. 
The  E.M.F.  of  tliis  system  ts  te.    The  internal  resistance 
r  is  given  by 
'=','■ 

The  strength  of  the  current  through  a  circuit  with 
external  resistance  R,  is  given  by  Uie  total  E.M.F. 
divided  by  the  total  resistance 

^^.        ._  tp  .  „ !i3_ 

H  Th 


1=^+R     = 


nc 


tp  +  qR         tq  +  qR 


The  difference  of  potential  at  the  terminals  is  given  by 
=  E.M.F.—  (internal  resistance  X  current)  therefore 

32.     Power  of  a  current  produced  by  a  battery  of  gen- 

"erator*  in  a  circuit  of  resistance  R. — Let  n  be  the  number 

,of  generators,  and  let  tbem  consist  of  t  groups  arranged 

lin  series,  each  group  being  formed  of  q  generators  in 

parallel. 

I  Since  P„  =  RI%  then  from  the  values  found  in  par.  31, 
ve  have 
0 


w 


(tp  +  qR)** 
When  all  the  elements  arc  arranged   in  series  tliis 
'ormula  becomes 

R.'n* 


P.= 


(np+R)» 
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When  they  are  all  in  parallel  it  becomes 

P   ^     ^''"' 
"       (p  +  nR)'' 
^.     To  connect  up  the  generators  eo  as  to  obtain  the 
maximum  power. — In  the  general  formala  for  the  power 

Rf'n' 


P.  = 


(tf  +  qR)* 


t  +  q  R  . 
^  —  19  a 


the  numerator  is  constant. 

The  external  resistance  R  is  also  constant,  since  we 
arc  considering  the  c^c  of  a  current  passing  through  a 
definite  circuii,  as  for  example  the  human  body.  Pu  will 
be  at  a  maximum  when  tp  +  qR  is  a  minimum,  or,  divid- 
ing throughout  by  the  constant  p,     when 

P 
minimum. 

The  product  of  these  two  factors  t  and  q  _  is  a  con- 

Slant  =  n  — ,  since  t  X  q  =  «. 
P 
The  sum  of  these  factors  is  therefore  a  minimum 

R         /    R" 
when  they  are  both  equal,  i.*.  when  t  — q— ^»|    _ 

From  tliis  formula  we  can  at  once  calculate  the 
required  values  of  t  and  q. 

t      R 
We  see  also  that  „  ^  -  .  from  which  we  may  deduce 

the  rule,  that  when  the  external  resistance  is  verj-  great 
compared  with  the  internal  resistance,  the  elements 
should  all  be  grouped  in  series.  This  is  the  case  when 
a  battery  of  simple  cells  is  used  for  galvanisation.  On 
the  other  hard,  when  the  external  resistance  is  small,  the 
elements  should  be  grouped  in  parallel. 
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Example:  Given  36  cells,  each  having  an  electro- 
raotive  force  of  1.3  volts,  and  an  intcrn.-il  resisiancc  of  2 
ohms,  with  an  external  resistance  of  1000  ohms  in  the 
circuit.  The  maximum  power  Pa  will  be  obtained  when 
the  cells  are  all  joined  up  in  scries,  and  its  value,  as  found 
from  the  above  formula,  will  be  2.5  watts. 

If  the  cells  are  arranged  in  a  series  of  18  groups,  each 
group  containing  two  cells  in  parallel,  the  wattage  will 
be  only  .7. 

I  If  now  the  external  resistance  be  reduced  to  20  ohms, 
a  maximum  power  of  to.09  watts  will  be  obtained  with 
18  groups,  each  consisting  of  two  cells. 

I  With  all  the  cells  in  series,  the  wattage  would  now 
only  be  6.8,  and  with  9  groups  of  4  cells  each,  it  would 
be  6.07. 

I  With  an  external  resistance  of  .5  (rfim.  the  cells  should 
b«  arranged  in  7,  groups,  each  containing  12  cells  in  paral- 
lel. In  this  case  the  maximum  value  of  Fu  will  be  10.13 
watts. 

34.  Various  forms  of  Electrical  Generators  of  Con- 
tinuous current  for  medical  work. — The  medical  elec- 
trician may  derive  his  current  from  a  battery  of  galvanic 
cells  (35).  irom  accumulaior.1  (42),  or  from  3  dynamo 
(64) ;  or  he  may  make  u!(e  of  the  public  electric  supply, 
whether  this  be  a  continuous  current  (76)  or  an  alter- 
nating current  (80). 

3.    ooNiiNUOL-s  ct;ii»E?rr  derived  from  a  batibrv  of  gal- 
vanic CELL.S. 

35.  Definition. — A  primary  or  galvanic  cell  is  a  gen- 
erator of  electricity  which  derives  its  energy  from  some 
chemical  reaction,  such  as  the  combination  of  Zinc  with 
Sulphuric  acid.  Tlie  negative  pole  is  formed  by  a  metal 
which  is  dissolved  by  the  liquid.    The  positive  pole  is 


so 
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made  of  some  subrtancc  which  is  not  acted  upon  by 
liquid  in  which  il  is  immersed. 

36.  Constants  of  the  cell. — In  common  with  atl  other 
forms  of  electric  generator,  the  primarj-  cell  has  two  con- 
stants, its  electromotive  force  and  its  internal  resistance.  ^ 
The  electromotive  force  is  a  characteristic  of  the  special  fl 
chemical  action  set  up  ai  the  electrode,  and  docs  not  de- 
pend on  the  area  of  the  electrode.  It  varies  with  changes 
of  temperature,  since  this  also  affects  the  intensity  of 
the  chemical  reaction.  The  internal  resistance  depends 
on  the  nature  of  the  liquid  employed,  the  distance  be- 
tween the  electrodes,  and  the  area  of  tlieir  surfaces. 

37.  Conditions  required  in  the  construction  of  bat- 
teries for  medical  use. — Two  varieties  of  battcrj'  arc  re- 
quired for  medical  purposes,  one  stationary  and  the  other 
portable.  In  the  latter  variety  it  is  of  importance  to  have 
the  cells  as  small  as  possible. 

The  principal  requirements  for  a  medical  battery  are: 

(a)  The  electromotive  force  of  each  cell  sliould  be  as 
large  as  possible,  so  as  to  reduce  the  number  of  cells 
required. 

(b)  The  internal  resistance  should  be  small  {25). 

(c)  There  should  be  no  liberation  of  noxious  gases. 

(d)  There  should  be  no  potartsatiun  (38). 
iB.    Polarisation. — Polarisation  is  a  phenomenon   set 

up  while  a  cell  is  in  action,  tending  to  decrease  its  ef- 
ficiency. 

It  is  due  to  the  deposit  of  hydrogen  on  the  positive  pole, 
forming  a  non-conducting  sheath  around  it.  It  is  also 
caused  by  the  nascent  hydrogen  reducing  the  zinc  sulphate 
formed  in  tlie  cell,  or  by  any  other  inverse  chemical  action 
which  tends  to  set  up  an  electromotive  force  in  the  opposite 
direction.  It  may  sometimes  be  due  to  exhaustion  of  the 
exciting  liquid. 
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Pt^arisation  tnsy  b«  avoided  by  the  use  of  depolarisers, 
wtiich  are  in  general  substances  capable  of  fixing  the 
hydrogen.  These  may  be  either  liquids,  solutions  or  in- 
soluble solids. 

^  Galvanic  cells  employed  in  medicine. — The  cells 
RMfit  frequently  employed  for  stationary  batteries  arc  the 
following:  The  Lalande  ami  Chaperon  t(H.  This  con- 
sists of  zinc  plates  immersed  in  a  30  or  40  per  cent,  solu- 
tion of  caustic  poiaRh,  with  copper  peroxide  as  a  dc- 
polariser.    Its  E,M.F,  is  .8  to  .y  volts. 

The  Bergonii  cell  consists  of  a  zinc  plate  in  a  3  to  5 
per  cent  solution  of  ammonium  chloride.  The  depolar- 
iser  is  manganese  dioxide.  The  E.M.F.  is  1.45  volts,  and 
the  internal  resistance  with  a  4  per  cent  solution  is  1 
ohm.  The  Junius  cell,  which  is  recommended  by  Bordicr, 
consists  of  a  zinc  plate  in  a  solution  of  caustic  soda,  with 
manganese  dioxide  as  depolariscr.  Its  E.M.F.  is  1.6,  and 
its  internal  resistance  .25  ohm.  Certain  modifications  of 
the  Donitll  cell  arc  also  used.  'Ilie  chief  drawback  of  this 
cell  is  that  the  chemical  action  does  not  cease  when  the 
circuit  b  broken.     {Goiffe,  Remake  Callaud,  OnimHS.) 

The  principal  portable  cells  are  those  of  the  tVarren  de 
la  Rue,  and  the  Marir-Davy  types,  the  fonncr  containing 
chloride  of  sil\'er,  and  the  latter  sub-sulphate  of  mercury 
with  zinc  and  carbon  electrodes.  Their  internal  resist- 
ance is  greater  than  that  of  the  cells  already  described. 
Thej-  are  usually  fitted  up  with  a  contrivance  by  which 
the  zinc  may  be  removed  from  the  liquid  when  not  in  use. 

4a  Arrangement  of  the  cells. — For  medical  use  the 
cells  arc  connected  in  series  so  as  to  obtain  the  greatest 
possible  power  (33).  Tlie  current  may  be  taken  from 
the  terminals  of  the  battery,  in  which  case  a  rheostat  or 
a  potential  reducer  must  be  inserted  in  the  circuit  to 
r^ulate  the  current  (9?) ;  or  the  battery  may  be  fitted 
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with  a  collector  which  enables  the  number  of  cells  in 
circuit  to  be  varied  at  will  (41). 

41.  Collectors.— The  collector  is  a  device  by  whidi 
any  number  of  celis  can  be  introduced  into  the  circuit 
by  simply  turning  a  handlo.  The  following  formula  give» 
the  increase  of  current  caused  by  moving  {he  indicator 
from  one  stop  to  the  next. 

n«      (n —  i)  f 

np  +  R         (n_iV  +  R 


1  = 


n  is  the  number  of  cells  in  use. 

(  the  E.M.I',  of  each  cell. 

p  the  internal  resistance  of  one  cell. 

R  the  external  resistance. 

Since  R  is  some  thousand  times  as  large  as  p,  the  dif- 
ference between  the  two  denominators  is  kss  than  ^ 
ol  their  value,  and  this  dttfercncc  diminishes  as  n  in- 
creases.   We  may  therefore  regard  the  two  dcmoninators 

as  equal,  so  that  — *,  p  represents  the  increase  of  cur- 
ap+K. 

rent  as  the  indicator  is  moved  from  one  stop  to  the  next. 
If  <  =  1.5  volts,  fi  =  1  ohm,  and  R  =  1000  ohms,  then 
on  moving  the  indicator  Erom  o  to  i,  we  shall  get  a  cur- 
rent of  1,5  milliampcrcs.  On  changing  from  39  to  40 
cells,  the  increase  in  current  will  be  about  t.4  niilli- 
amperes.  The  r.ipid  increase  of  current  caused  by  mov- 
ing the  indicator  is  very  appreciable  to  sensitive  patients 
even  when  the  E.M.F.  of  each  cell  is  only  .8  volts.  Col- 
lectors are  therefore  only  suitable  for  portable  batteries, 
where  weight  has  to  be  economized. 

3. — COSTINCOUS   CURRENTS  DESIVED   PROM    ACCUMUtjKTORS. 
42.     Definition. — An  accumulator  is  an  indirect  trans- 
former of  electric  energj',  the  intermediary  being  a  chem- 
ical action,  ilie  result  of  polarisation. 
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When  an  electric  current  passes  through  water  it  de- 
composes it,  the  hydrogen  collecting  at  the  negative  pole 
2nd  the  ox>-gen  at  the  positive  pole.  As  this  goes  on,  the 
strength  of  the  current  gradually  decrciscs,  since  the 
hydrogen  and  oxygen  cause  an  E.M.F.  in  the  opposite 
direction,  which  partially  neutralises  the  E.M.F.  of  the 
cell.  This  back  pressure  constitutes  the  phenomenon  of 
polarisation. 

When  the  primarj*  current  is  cut  oi?,  the  E.M.F.  due 
to  polariaaiiou  will  cause  a  current  in  the  reverse  direc- 
tion.   This  is  called  a  secondary  current. 

Every  electrolyte,  as  a  hquid  capable  of  being  decom- 
posed by  a  current  is  called,  absorbs  during  decomposi- 
tion 3  quantity  of  electric  energy  proportional  to  the 
quantity  of  electricity  which  passes  through  it,  and  to 
the  back  E.M.F.  caused  by  the  decomposition.  If  Ep  be 
this  back  E.M.F.  and  Q  the  quantity  of  electricity  pass- 
ing, then  W,  the  energy  in  Joules  is  given  by 

m  W  =  QE^ 

This  energy  is  given  out  by  the  accumulator  as  a  sec- 
ondary current. 

^p  Most  accumulators  consist  of  two  plates  of  lead,  or 
some  salt  of  lead,  immersed  in  dilute  sulphuric  acid. 
Oihcr  combinations,  however,  are  occasionally  used. 

^P  43.  Charge  and  discharge  of  an  accumulator. — ^The 
charging  of  an  accumulator  consists  in  furnishing  it  with 
electric  energ>*.  This  is  done  by  connecting  the  positive 
and  negative  poles  of  the  accumulator  wiili  the  positive 
and  negative  poles  respectively  o£  some  convenient  source 
of  electricity.  Rules  for  charging  accumulators  are  given 
in  par.  49. 
An  accumulator  is  discharged  by  closing  its  circuit,  and 

^^Uowing  a  current  to  pass. 
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44.  Phenomena  of  charge  and  discharge  of  an  ac- 
cumulator.— W'c  shall  here  only  consider  the  case  of  ac- 
cumulators U'ith  plates  of  lead  or  lead  sjlt^. 

In  1S60,  Plantc  discovered  that  when  two  plates  of 
lead  are  immersed  in  water  accidulatcd  with  IIiSO«  and 
connected  to  the  two  poles  of  an  electric  battery,  the 
liquid  is  electrolysed.  The  lead  plates  are  chemically 
altered,  [he  positive  plate  being  oxidised,  and  the  negative 
one  reduced.  A  peculiar  property  of  this  reaction  is, 
tljat  the  oftener  the  process  is  repeated,  the  more  readily 
docs  it  occur,  Tlic  negative  pole  as:»umes  a  greyish  tint, 
whilst  the  positive  pole  shows  the  puee  coloured  lead 
oxide.  In  the  original  apparatus  devised  by  Ptantf,  the 
accumulior  was  formed  by  repeatedly  charging  and  dis- 
charging two  large  sheets  of  lead.  The  area  of  the  clcc- 
trodcs  may  be  greatly  reduced,  and  the  E,M.F.  of  the  dis- 
charge increased,  by  making  accumulators  of  certain  salts 
of  lead. 

It  we  examine  an  accumulator  which  has  been  formed 
by  repeated  cliarging  and  discliarging,  we  shall  sec  that 
the  negative  plate  is  of  a  spongy  or  porous  appearance, 
an  allotroptc  modification  of  lead  possessing  peculiar  re- 
ducing properties.  This  spongy  eIcctrol>'tic  lead  is  very 
readily  oxidised.  The  positive  lead  plate  is  found  to  be 
coated  with  load  peroxide  PbOj. 

When  the  accumulator  is  discharged  a  current  passes 
externally  from  the  positive  to  the  negative  plate,  and 
internally  from  the  negative  to  the  positive  plate.  We 
therefore  get  oxidation  at  the  negative,  and  reduction  at 
the  positive  plate.  The  oxidation  at  the  negative  plate 
results  in  the  formation  of  oxide  of  lead,  which  combines 
with  the  sulphuric  acid  to  form  sulphate  of  lead.  If  the 
liquid  in  the  accumulator  be  analyzed  after  discharge,  it 
will  be  found  to  be  less  3ci<i  than  before,  and  tlie  mt&sing 
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acid  will  be  found  on  tbe  negative  plate  in  the  form  of 
sulphate  of  lead. 

At  the  positive  pole  the  peroxide  is  reduced  to  a  tower 
oxide  of  lead. 

When  the  accumulator  is  recharged,  the  current  passes 
in  the  opposite  direction.  The  reduction  at  the  negative 
plate  decomposes  the  sulphate  and  reprccipitatcs  the 
metal,  while  the  oxidation  at  the  positive  plate  restores 

c  oxide  to  a  peroxide. 


N 


45.  Construction  of  accumulators. — The  principal  dif- 
ference in  the  vartuus  types  of  accumulators  is  in  the  con- 
stitution of  tlieir  cloclrodes.  [n»tcad  of  forming  the  elec- 
trode naturally  by  the  action  of  the  accumulator,  salts  of 
lead  which  have  been  previously  prepared  arc  employed. 
The  lead  platc»  arc  used  only  as  a  support  for  these  salts. 

This  method  was  first  adopted  by  Faurc  in  1880.  The 
lead  plates  are  usually  alloyed  with  two  or  three  per  cent 
of  antimony,  tu  render  them  mure  resistant  to  the  action 
of  the  acid. 

The  positive  pole  is  generally  formed  of  minium,  Pb,0, 
and  the  negative  of  litharge.  PbO.  During  the  process  of 
charging  ihc  minium  is  oxidised  to  lead  peroxide. 

Pb,0.+2  0=3PbO.. 

At  the  same  time  the  litharge  is  reduced  to  spong)-  lead. 

PbO  +  aH=H,0  +  Pb. 

Electrodes  are  said  to  be  autogenous,  when  formed  natu- 
rally by  the  ahcrnate  cliargiTig  and  discharging  of  the  ac- 
cumulator, whereas  they  arc  said  to  be  heterogenous  when 
formed  artificially  from  lead  salts.  The  former  is  ilic 
Ptaate  type,  the  latter  the  Faiirt  t)T>e. 

Id  the  new  Edison  aciumtitalor  the  negative  electrode  is 
|of  iron,  and  the  positive  electrode  consists  of  an  oxide,  of 
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oidcel  with  the  approximate  formub  N'iO,.    The  electro- 
lyte is  3  twenty  per  cent  solution  of  KOH. 

46.  Accumulator  cells. — The  accumulators  used  for 
medical  purposes  do  not  need  to  be  of  very  large  capacity. 
They  &houKI  be  made  as  light  as  possible,  so  as  to  be  porta- 
ble. For  this  purpose  celluloid  cetU  are  convenient.  They 
arc  tcanKparcnt  and  are  at  the  same  time  lighter  and  less 
breakable  than  those  made  of  glass.  For  greater  security 
several  sudi  cells  may  be  enclosed  in  a  wooden  case.  Cells 
are  also  made  of  ebonite. 

The  plates  of  the  accumulator  should  not  touch  the  bot- 
tom of  the  cell,  lest  pieces  of  lead  becoming  detached  from 
the  plates  and  falling  to  the  bottom  sliould  short-circuit  Uie 
current.  The  plates  are  supported  by  some  insulating;  mate- 
rial such  as  caoutchouc,  glass,  ebonite  or  porcelain. 

Tile  liquid  in  tlie  cells  is  distilled  water  acidulated  with 
sulphuric  add.  llic  density  of  the  liquid  should  be  from 
I.16  to  1.26,  which  corresponds  to  20  to  30  of  Baumi's 
hydromctric  scale.  {Hospitalier,  "Manuel  de  t EUelricili.") 

47.  Installation. — ^The  accumulators  should  be  placed 
where  ihey  can  be  easily  seen.  They  sliould  be  examined 
from  time  to  time  to  sec  that  there  is  no  oxidation  of  the 
terminals,  buckling  of  the  plates,  or  internal  short-circuit- 
ing from  lead  flakes  which  tiave  fallen  off  the  metal  plates. 
Moreover,  (hey  should  be  carefully  insulated  by  placing 
them  in  a  box  of  sawdust  supported  by  porcelain  feet. 

48.  Charging  of  accumulators. — If  a  public  electric 
main  or  a  private  source  of  electricity  is  available,  the  ac- 
cumulators can  be  charged  without  removal.  Otherwise 
they  must  be  sent  away  to  he  charged.  When  they  are  to  be 
charged  on  the  premises,  the  terminals  of  the  series  of  accu- 
mulators should  be  connected  to  a  commutator  which,  when 
in  the  charging  position,  will  connect  the  positive  pole  of 
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the  accumulator  with  the  positive  pole  of  the  electric  source, 
and  the  negative  pole  of  the  accumulator  to  the  negative 
pole  of  the  electrk  source. 

»An  amperemeter  and  a  rheostat  should  be  interposed  be- 
tween the  commutator  and  the  electric  source.  These  are 
only  of  use  whilst  the  battery  is  being  charged,  since  tlie 
current  used  in  medical  work  is  only  of  the  order  of  a  milli- 
ampcre.  There  should  always  be  a  cut-out  fuse  between 
the  accumulators  and  the  commutator,  since  accidents  due 
to  shortdrcuiltiig  may  occur  during  charging  or  discliarg- 
ing.  It  should  he  an  absolute  rule  always  to  use  a  bipolar 
cut-out,  when  working  with  a  source  of  electric  cncrgj-  capa- 
ble of  giving  a  large  discharge.  Tlie  fuse  should  be  as 
dose  as  possible  to  the  accumulator.  Boxes  are  often  inade 
with  spring  contacts,  in  which  case  the  accumulator  is 
nierely  placed  in  the  box,  when  the  connections  arc  made 
automatically. 

14^     Methods   of  charging  accumulators. — Tlicre   are 
leveral  different  methods  of  charging  accumulators. 
(a)   From  the  public  main  with  constant  current. 
(b)  Front  public  mains  with  alternating  current,  either 
monophase  or  polyphase. 

(c)  From  voltaic  cells,  or  small  motors, 

(d)  By  sending  the  accumulator  to  a  charging  station. 

^  5a  General  rules. — The  most  important  point  is  to 
determine  the  polarity  of  the  terminals  of  the  electric 
•ourec.  When  using  a  constant  current  from  the  public 
mains  this  may  be  done  by  plunging  the  leads  into  water, 
and  inverting  a  test  tube  filled  with  water  over  each  wire; 
^thus  forming  a  simple  voltameter.  Bubbles  of  hydrogen 
rill  appear  at  the  negative  pole  and  will  rise  up  in  tlie 
ube,  while  the  positive  pole  will  become  oxidised.  Pole- 
''finding  test-papers  are  also  sold;  turmeric  paper,  for  in- 
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Stance,  turns  red  at  tbe  negative  pole,  and  ferrocyaaide 
paper  becomes  wlute,  owing  lo  iIm  liberation  of  potassium. 
Ilic  number  of  accumlators  placed  in  scries  should  not 
be  so  great  that  E'.  the  E.M.F.  of  the  battery,  will  be 
greater  than  E,  the  E,M.F.  of  the  source.  The  value  of 
E-E' 


the  current 


R 


must  always  be  positive. 


The  most  convenient  charfjing  current  is  one  whidi  gradu- 
ally decreases  in  intensity  as  the  accumulator  becomes 
diuiged,  i,e,,  as  E'  the  counter-electromotive  force  increases. 

As  a  general  rule  this  charging  current  should  vary  with 
the  surface  of  the  plates.  In  the  same  type  of  accumulator 
therefore,  the  intensity  of  the  current  should  be  proportional 
to  the  weight  of  iho  cell.  For  any  one  tj-pc  the  best  current 
intensity  can  be  given  in  terms  of  the  weiglit  of  the  elec- 
trodes. 

This  optimum  charging  current  sliould  be  marked  on  the 
accumulators. 

51.  To  dctennine  when  the  accumulators  are  properly 
charged. — The  signs  that  an  accumulator  is  charged  are 
[he  following: 

(a)  llie  voltage  of  each  cell  reaches  a  value  of  from  2.4 
to  2.6  volts,  whereas  before  charging  it  was  only  1.8  volt*, 
and  during  charging  2.1  to  2.2  volts. 

(b)  The  liquid  begins  to  bubble.  The  gases  liberated  by 
the  electrolysis  of  the  water  arc  no  longer  used  up  by  the 
chemical  reactions  occurring  al  the  electrodes. 

(c)  The  density  of  the  electro])ic  remains  constant,  since 
no  more  acid  is  liberated  by  the  electrodes. 

Those  who  arc  familiar  with  accumulators  can  often 
judge  of  the  acidity  of  the  liquid  by  tasting  it. 

For  the  medical  electrici;»n  ihe  first  two  methods  arc  the 
most  convenient.     A  voltmeter  should  be  used  for  testing 
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accumulators  when  full,  and  for  indkaling  when  tiiey 
need  recharging.  ITie  volUge  should  never  be  allowed  to 
faU  below  1.8. 

52.  Recharging  accumulators  from  the  constant  cur- 
rent mains. — If  the  public  electric  supply  is  employed 
for  driviTig  a  RuhmkorflE  coil,  for  X-ray  work  or  the  like, 
the  same  supply  may  be  used  for  charging  the  accumulators. 

With  a  pressure  of  no  volts,  the  rheostat  required  to 
send  3  current  of  8  amperes  through  the  coil,  will  also  serve 
for  charging  the  accumulators,  nicoretically,  to  use  a  cur- 
rent of  1  to  \'o1ts  most  economically,  30  to  40  accumulators 
should  be  charged  at  once.  Practically,  we  generally  cliargc 
from  10  to  20  accumulators  only,  the  surplus  energy  being 
dissipated  in  the  rheostat  as  heat. 

If,  Imwever,  there  arc  only  one  or  two  accumulators  to 
be  charged,  or  if  they  require  frequent  recharging,  ihey 
may  be  introduced  into  a  shunt  circuit  with  one  or  more 
incandescent  tamps  in  the  main  circuit  to  act  as  resistances. 

53.  Charging  an  accumulator  from  the  alternating  cur- 
rent main. — ^I'he  problem  of  charging  accumulators  from 
an  alternating  main  is  much  more  complex.  Several  meth- 
ods may  be  employed. 

I  (l)  The  current  may  be  converted  into  a  direct  current 
by  means  of  a  rotating  transformer.  Tliis  may  be  either 
a  motCH'-dynaoio,  i.e.,  a  motor  driven  by  the  alternating 
current,  coupled  to  a  generating  dynamo;  or  a  current  oon- 
vertor.  which  transforms  the  current  directly, 

(2)  The  alternating  current  may  be  converted  into  an 
um.directional  oscillating  current  by  means  of  a  ^'illard 
current  rectifier.    (55.) 

(3)  The  current  may  be  transformed  by  interposing  an 
ielectrolyttc  valve.  The  Wehnelt  interrupter  is  one  fonn 
of  sudi  a  valve. 
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54.  Rotary  transformers. — In  the  motor-dynamo  th« 
dectric  generator  is  connected  to  th«  nwtor  cither  by  a 
belt  or  by  a  flexible  shaft.  The  motor  is  the  ordinary  alter- 
nating current  motor.  Tlic  size  of  the  dynamo  is  deter- 
mined by  reference  to  the  uses  to  which  it  is  to  be  put.  If 
it  is  only  required  to  charge  accumulators,  it  need  only  be 
large  enough  to  give  the  necessary  voltage  and  amperage 
for  this  purpose.  When  direct  transformers  are  used  the 
same  considerations  will  determine  the  constants  of  the 
apparatus  chosen. 

We  do  not  recommend  this  method  of  charging  for  medi- 
cal work  for  several  reasons: 

(i)  The  motor  causes  too  much  twisc  and  vibration.  It 
is  hcav)-  and  cumbrous  and  needs  special  supervision. 

(3)  It  is  too  expensive  an  apparatus  to  be  used  merely 
for  charging  accumulators  for  electrcJy.sis  and  galvanisation. 

(3)  The  current  from  the  main  is  uscfid  for  so  many  pur- 
poses that  it  is  belter  to  adapt  it  for  chat^ng  the  accumu- 
lators, rather  than  to  install  a  separate  apparatus. 

55-  Villard's  current  rectifier.— This  apparatus,  which 
is  particularly  applicable  to  monophase  alternating  currents, 
is  very  Hiitable  for  medical  use,  since  it  can  be  also  used  as 
an  interniptor  for  X-ray  and  high  frequency  woHt. 

It  consists  of  a  vibrating  spring  L  L',  magnetised  by  a 
coil  B  which  encircles  without  touching  it.  This  coil  is 
connected  through  a  self-induction  coil  to  a  branch  cur- 
rent from  the  alternating  main.  The  end  of  ihe  vibrating 
spring  passes  between  the  poles  X.  and  S.  of  a  permanent 
magnet.  As  the  phase  of  the  current  alters,  it  is  attracted 
to  eillter  pole  alternately.  By  this  mean.<t  the  oscillations  of 
the  vibrating  spring  are  rendered  synchronous  with  the 
period  of  the  current. 

The  amplitude  of  the  oscillations  is  controlled  by  a  small 
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piston  which  dips  into  water.  The  extTcmity  of  the  vibrator 
is  attached  to  a  mercury  break  interposed  in  tlie  main  cir- 
cuit of  the  alternating'  current. 

By  suitably  regulating  the  plunger,  the  vibrator  and  the 
seJC-inductton  of  tlic  exciting  circuit,  the  apparatus  may  be 
so  adjusted  as  to  break  the  circuit  at  any  desired  point  in 
the  current  curve,  thus  allowing  only  one  phase  to  pass. 

To  drive  a  Ruhndcorff  coi!  the  contact  should  be  broken 
at  the  maximum  point  of  Ihe  curve ;  when  used  for  charging 
accumulators  it  should  be  broken  at  the  zero  point. 
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Fit «. 

The  phase  of  Ihe  vibrator  i»  always  slightly  behind  that 
of  the  current.  This  retardation  can  be  increased  by  vari- 
ous means. 

1.  Increasing  the  »elf-inf!uclion  of  the  exciting  current. 

2.  Raising  the  level  of  the  mcrctirj'  and  tlius  causing  the 
plunger  to  travel  further  before  contact  is  broken. 

3.  Increasing  the  length  of  the  plunger  by  means  of  the 
screw  adjustment 

The  retardation  of  phase  may  l>e  dtmiiiisljcd  by — 

I.  Decreasing  the  self-induction. 

a.  lowering  the  mercury  level. 

3.  Shortening  the  length  of  tlie  plunger. 
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We  must  remember  lliat  by  increasing  the  depth  to  which 
the  plunger  dips  into  the  mcrcur>-  wc  increase  the  mean  am- 
perage of  the  current.  When  the  break  occurs  at  the  icro 
point  the  interrupter  works  silently. 

When  il  gets  out  of  adjustment  we  are  warned  of  the 
fact  by  an  alteration  in  the  note.  For  a  complete  descHp* 
tion  of  this  apparatus  we  must  refer  tlic  reader  to  the 
Archives  d'Eieclrtcite  Meduale  de  Bordeaux  of  April  15, 
1902. 

By  using  this  rectifier  we  can  chaise  15  to  20  accumula^ 


Fig.  3.  VilUrd  iiKerniptor  and  currtnt  rectifier. 

(ora  in  series.  If  more  than  20  accumulators  are  required 
at  once  the  best  plan  is  to  divide  them  into  two  equ.il  series 
and  connect  the  two  s<'ries  together  in  parallel. 

56.  Charging  accumulators  from  the  alternating  cur- 
rent by  employing  electrolytic  valves. — If  the  two  ter- 
minals of  an  alternating  current  arc  connected,  the  one  to 
a  plate  of  charcoal  or  lead  and  the  other  to  a  plate  of  porous 
aluminium,  and  these  two  plates  arc  immersed  in  an  alka- 
line solution,  the  current  can  only  pass  in  one  direction. 
Such  an  arrangement  is  called  an  electrolytic  valve.     By 
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fneans  of  Ihts  apparatuit  a  continuotis  current  niay  be  ob- 
tained from  the  alternating  mains.  Four  valve*  arc  u$cd, 
arranged  in  the  fomt  of  a  Wheatstonc  bridge.  tVchtielt't 
intemiptor  is  based  on  the  same  principle. 

This  method  will  undoubtedly  come  into  favour,  but  as 
y«t  it  has  not  been  quite  perfected  for  general  use. 

57.  Charging  accumulators  by  means  of  galvanic 
ceUs. — This  method  is  not  to  be  recommended.  If.  how- 
CTer,  no  other  source  is  available,  and  a  considerable  current 
at  low  voltage  is  required,  as,  for  instance,  for  electro-cau- 
lery,  the  acounulator  may  be  charged  from  a  battery  of 
cells. 

For  galvanisation  and  the  like,  when  a  pressure  of  30 
to  50  volts  Li  required  and  only  a  few  miUiampcre.*  of  cur- 
rent, it  is  nwrc  advantageous  to  work  directly  from  a  bat- 
tery of  primarj'  cells. 

58.  Charging  accumulators  by  means  of  a  dynamo. — 
\Mien  we  require  various  forms  of  electric  cncrpy  and  no 
public  electric  supply  is  available,  it  will  be  better  to  invert 
in  a  small  dynamo.  This  may  be  driven  by  gas,  petrol. 
steam,  compressed  air,  water,  wind  or  any  other  agent 
available. 

The  dynamo  will  also  serve  to  furnish  electric  light,  and 
should  be  capable  of  supplying  all  the  electric  eneigy 
required,  at  once  economically  and  conveniently. 

When  charging  accumulators,  if  the  E.M.F.  furnished 
by  the  dynamo  is  much  larger  thaii  that  of  the  acaimulators, 
the  charging  should  be  combined  with  the  lighting  system. 

For  cIcctrol>'sis  and  galvanisation  we  require  from  15  to 
25  storage  cells  of  small  cai>acity.  This  means  a  maximum 
E,X!.F.  of  from  40  to  60  volts.  Since  the  best  si^e  for  a 
dynama  for  general  use  is  one  which  gives  about  70  volt^ 
,  there  will  be  but  littk  waste  when  it  is  used  in  this  way. 
3 
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We  shall  return  to  this  question  when  we  come  to  discusi 
the  use  of  the  dynamo  for  the  production  of  a  continuous 
current.  It  will,  however,  generally  be  found  more  con* 
vcnient  to  ute  it  to  charge  accumulators  rather  than  to  work 
directly  from  the  djTiamo, 

When  char{<:ing  accumulators  from  a  private  dynamo  we 
should  be  careful  tliat  the  rheostat,  amperemeter  and  a  cut- 
out fuse  are  included  in  the  circuit, 

59.  Charging  stations. — When  the  accumulators  have 
to  be  sent  out  to  be  charged,  it  is  better  to  have  two  sets 
of  batteries.  At  the  charging  stations  they  are  unwilling 
to  charge  only  15  or  20  cells  at  a  time,  since  it  is  much 
more  economical  to  charge  a  large  number  at  once.  We 
arc.  therefore,  often  kept  wailing  for  several  days  before 
the  batteries  are  ready.  Also  the  constant  shaking  and 
displacement  soon  spoil  an  accumulator. 

Accumulators  of  large  capacity  should  be  used  for  X-ray 
and  high  frequency  work  when  a  high  potential  is  required. 
For  other  purposes,  such  as  galvanisation  and  electrolysis,  a 
battery  of  primary  cells  may  be  used  witli  advantage. 

60.  Accumulator  constants. — The  constants  of  an  ac- 
cumulator are  the  same  as  those  of  a  primary  celt,  i.#.,  the 
electromotive  force  and  internal  resisUnce.  With  accumu- 
lators  we  hav-e  another  important  consideration ;  vis.,  their 
capadt)'.  The  relation  which  the  power  and  capacity  bear 
to  the  weight  of  the  plates  is  of  great  practical  importance. 
In  the  Edison  accumulator  with  iron  negative  and  nickel 
positive  plates,  tlie  power  per  unit  weight  is  ver>-  high. 

The  electromotive  force  of  an  acctimulator  during  dis- 
charge varies  from  ijg  to  a  volts.  It  may  rise,  when  fully 
charged,  to  2.5  or  even  2.8  volts,  but  this  is  for  only  a  very 
short  time,  and  it  soon  decreases.  When  the  <iiscliarge  is 
nearly  completed  tlie  voltage  falls  to  1.8,  or  even  lower. 
The  Edison  accumulator  gives  only  i.i  volts. 


I 


CALTANtC  tm  COXTIKunut   CURUn 


SS 


I 


As  the  internal  resistance  is  very  low,  a  largv  amuont  of 
current  is  obtainable.  The  current  should  not,  however, 
be  allowed  to  exceed  about  ,8  ampere  per  kitogramnie  of 
electrode,  otherwise  llie  cells  rapi<I!y  deteriorate.  This 
current  corresponds  to  about  14  watts  per  kilogranune  of 
electrode. 

The  capacity  of  an  accumulator  is  the  quantity  of  elec- 
tricity which  it  will  furnish  before  being  completely  dis- 
cliargcd.    This  quantity  i»  cxiiressed  in  ampere-hours. 

The  capacity  is  proportional  to  the  surface,  and  there- 
fore for  a  given  type  it  will  be  proportional  to  the  weight 
of  the  plates.  Each  t)'pe  of  accumulator  has  a  definite 
capacity  per  kilogramme  of  plate. 

For  the  production  of  continuous  currents  we  do  not 
need  accumulators  of  very  large  capacity,  since  tlie  current 
required  is  small.  Oimparativcly  light  cells  may,  there- 
fore, be  used  for  this  purpose. 

The  average  capacity  of  an  accumulator  is  6  to  10  ampere- 
hours  per  kilogramme  of  plate. 

61.    Capacity  efficiency. — The  capacity 

Qt,  given  out  when  the  accumulator  is  discharged,  to  the 
quantity  Q,  required  to  chaise  it.  This  ratio  is  about  90 
[■er  cent,  but  since  the  capacity  varies  with  ihe  rate  of  dis- 
charge the  cfiicicncy  of  tlie  accumulator  wilt  also  vary  with 
this  factor.  The  lower  the  rate  of  discharge  the  greater  will 
be  the  cfficienc\-.  Hence  accumulators  are  very  economical 
when  used  to  funiish  galvanic  currents. 

61.  Energy  efficiency.— The  energy  efficiency  is  the 
ratio  of  llie  energy  of  the  current  of  discharge  Wo,  to  the 
energy  of  the  charging  current  W,, 


,  given  by 


efficiency    is 
,  Kc,  the  ratio  of  the  quantity  of  electricity 
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This  value  is  givcii  by  the  expression 


w. 


/: 


V.  L  dt 


/ 


V,   I,  dt 


where  Tj,  Vt,  I4  are  the  time  of  dischai^,  the  difference 
of  potential  and  the  intensity  of  current  during  discharge, 
and  Tr,  Vc,  I^  the  time  taken,  tlie  difference  of  potential, 
and  the  intensity  of  the  current  during  charging. 

This  efficiency  varies  with  the  rate  of  charge.  In  practice 
its  maximum  vahie  is  about  80  per  cent. 

63.  Mode  of  arrangement  of  accumulators.^ — For  ob- 
taining galvanic  currents,  accumulators  should  be  connected 
in  scries,  for  the  reasons  described  in  the  article  on  primary 
cells.  A  current  collector  should  never  be  used  with  ac- 
cumulators; the  addition  of  two  volts  to  the  circuit,  each 
time  the  handle  is  moved  forward,  would  cause  an  unpleas- 
ant shock  to  the  patient. 

4. — Continuous  current  from  a  oYNAUa 

64.  Disadvantages.— The  medical  practitioner  who 
has  no  public  electric  supply  at  his  disposal,  but  who  only 
requires  a  continuous  current,  will  content  himself  with 
a  battery  of  primary  cells.  If,  however,  he  requires  elec- 
tricity for  other  purposes,  cither  medical  or  domestic,  he 
must  have  recourse  to  a  dynamo. 

It  is  not  advantageous  to  use  the  current  from  the  dy- 
namo directly  for  galvanisation  for  several  reasons, 

I.  Any  sudden  change  in  the  current  in  olhcr  branches 
of  the  supply,  as  when  an  electric  light  is  turned  off,  will 
cause  a  sudden  alteration  of  the  galvanic  current,  which 
will  give  d  shock  to  the  patient. 
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2.  The  dynamo  may  require  to  be  run  merely  to  fur- 
nish the  continuous  current,  an  expenditure  of  power 
out  ol  all  proportion  to  the  electromotive  force  required. 

3.  The  motor  of  a  dj'namo  requires  constant  atten- 
tion whilst  at  worlc. 

4.  The  current  from  a  dynamo  is  not  a  typical  con- 
tinuous current,  the  curve  which  represents  it  is  of  an 
undulating  character. 

For  these  reasons  it  is  preferable,  when  a  d>"namo  is 
employed  for  lighting  purposes,  to  diarge  a  battery  of 
accumulators  whilst  ttic  li^t  is  in  use,  and  to  use  these 
accumulators  for  the  production  of  the  galvanic  current. 
Wc  will,  however,  give  a  description  of  the  principle  and 
management  of  a  dynamo  and  the  method  of  employing 
it  to  furnish  a  continuous  current  when  ntcessarj-. 

65.  Principle  of  the  dynamo. — When  a  closed  conduc- 
tor moves  in  a  magnetic  field,  so  that  the  number  of  lines 
of  force  passing  through  the  circuit  varies,  a  current  of 
electricity  is  induced  in  the  conductor. 

Tlie  direction  of  tlie  current  is  given  by  Letts'  law ;  vit. 
"The  direction  of  the  induced  current  is  such  that  the 
lines  of  force  which  it  produces,  oppose  the  variation  in 
the  flux  of  force  which  induces  the  current." 

66.  Character  of  an  induced  current, — The  electromo- 
tive force  caused  by  a  given  change  of  the  flux  of  force. 
depends  on  the  rapidity  of  the  change;  i.e.  the  induced 
E.MJ^  is  proportional  to  the  change  of  flux  per  unit  of 

time.  ._ 

_      d* 

^=d"t 

On  the  other  hand  the  total  quantity  of  electricity 

forced  round  the  circuit,  depends  on  the  change  io  the  flux 

of  foKe  and  on  the  resistance  of  the  circuit. 
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The  intensity  of  the  induced  current  at  any  tnomcDt 
is  measured  by  the  quotient  of  the  quantity  of  electricity 
produced,  into  the  time  taken  to  produce  it 


^~    dt  ~ 


d* 
Rdt 


67.  Magneto-electric  machines  and  djnumos. — A  mag- 
neto electric  machine  differs  from  a  dynamo  in  thai  the 
former  is  excited  by  a  permanent  magnet,  whereas  the 
latter  is  excited  by  an  electro-magnet.  Dynamos  are  now 
almost  universally  employed  for  practical  work. 


The  soft  iron  core  of  the  electro-magnet  is  bent  so  that 
its  two  poles  are  opposite  each  other.  In  Fig.  4,  BB* 
are  the  magnetising  coils  encircling  the  iron  cores  nn"  of 
the  magnet;  NS  are  the  two  polar  pieces. 

The  polar  pieces  are  hollowed  out  90  as  to  form  a 
cylindrical  opening  between  them,  in  which  is  placed  the 
secondary  coil  for  the  induced  current.  TTiis  coil  is 
wound  on  a  soft  iron  core  termed  the  armature. 

The  armature  will  as  far  aa  possible  complete  the  mag- 
netic circuit,  becoming  itself  magnetised  with  its  north 
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le  opposite  to  the  south  pole  of  the  mj^fnet  and  vice 
versa.  It  will  preserve  this  polarity  in  spite  of  the  fact 
that  it  is  rotated  about  an  axis  perpendicular  to  the  plane 
of  the  ekctro-magnet  and  passing  t)irough  the  line  join- 
ing the  centres  of  the  two  poles  of  the  cleclro-magnet. 

Whether  the  armature  t»  at  rest  or  revolving,  its  poles 
will  always  occupy  the  same  position  relative  to  the 
poles  of  the  ekctro-magnet.  In  Siemen's  armature  the 
induction  coil  is  wound  round  tlie  core  of  the  armature 
in  layers  covering  it  completely.  In  other  forms,  the 
ring  or  drum  armatures,  the  spirals  arc  arranged  in  dif- 
ferent ways  around  the  periphery  of  the  ring. 

68.  Induced  current. — Consider  a  loop  of  wire  wound 
longitudinally  round  the  cylindrical  core  of  a  Siemrn's 
armature  like  that  shown  in  Fig.  4.  The  maximum 
change  of  fiux  will  occur  when  the  coil  is  crossing  the 
polar  plane  NS. 

The  minimum  change  of  flux  will  occur  when  the  coil 
is  passing  the  perpendicular  position  XY.  It  is  true  that 
in  this  position  the  coil  cuts  the  greatest  number  of  lines 
of  force,  but  a  small  alteration  of  its  position  will  not 
greatly  alter  the  number  of  lines  cut  In  this  r^on  the  ro- 
tation of  the  armature  during  a  small  interval  dt  will  pro- 
duce the  minimum  cliange  in  tlic  value  d*.  In  the  plane 
XY.  this  diangc  will  be  zero. 

This  line  XY  in  which  the  induced  electromotive  force 
is  zero  is  called  the  neutral  line,  or  line  of  commutation. 
The  latter  term  is  given  because,  in  accordance  with 
Lenf  law.  the  direction  of  the  induced  current  will  change 
at  that  spot,  being  in  one  direction  while  the  generatrix 
I  passes  from  Y  to  X,  and  in  the  other  direction  while 
the  generatrix  is  passing  from.  X  to  Y. 

69.  Font)  of  the  induced  current. — If  we  consider  the 
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locq),  I,  Fig.  4,  rotating  with  constant  velocity,  wc  sec  that 
the  E.M.F,  of  the  induced  current  will  increase  from  the 
neutral  line  X  to  the  polar  line  NS,  and  then  decrease 
again  from  NS  to  XY.  In  the  quadrant  YN,  the  £,M.P. 
will  increase  with  the  sine  of  the  angle  between  the  loop 
and  the  neutral  line.  In  the  i|uadrant  NX,  it  will  de-t 
crease  with  the  sine  of  the  angle  between  the  loop  and  the 
neutral  line.    A  curve  may  be  drawn  as  in  Fig.  5  to  show 


Fin-  5. 
the  change  of  current  with  time.    The  abscissa;  repre- 
senting the  time  will  be  of  the  form  J^     dt,  and  the  ordi- 

nates  representing  the  E.M.F.  of  the  form  j^^*.        The 

Jti,  dt 

current  thus  obtained  is  called  a  sinusoidal  current.  Such 
a  form  is  useless  where  a  continuous  current  is  re- 
quired; wc  shall  therefore  consider  the  method  of  con- 
verting this  variable  current  into  a  continuous  one. 

70.  Rectification  of  djnnanio  currents. — A  continuous 
current  may  be  obtained  in  the  following  manner.  Let 
the  coil  be  cut  at  a  point  on  the  axis  of  the  armature,  and 
the  ends  connected  to  two  semicircular  metallic  rings  on 
the  axis  of  rotation.  The  current  may  be  collected  by 
means  of  two  brushes,  each  brush  being  placed  so  as  to 
touch  one  ring  of  the  commutator  only  so  long  as  the 
current  is  flowing  in  one  direction.  By  this  means  the 
current  collected  by  each  brush  will  be  always  in  the 
same  direction,  but  of  an  oscillatory  character.  If  there 
are  several  coils  on  the  armature,  tlie  sum  of  tlie  currents 
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induced  in  all  the  coils  will  become  more  and  more  con* 
slant  as  the  number  of  coils  increases,  since  the  pliase  of 
ihc  current  in  each  coil  is  different.  'llVis  is  the  principle 
of  the  constant  current  dynamo.  It  docs  not  give  a 
strictly  constant  current,  but  a  sliglitly  oscillatory  one, 
which  approxiinales  to  the  coniitani  current  zs  the  num- 
ber of  coils  is  increased. 

71.  Types  of  dynamos  for  producing  a  continuous 
cuTTcnt. — The  method  of  exciting  a  dynamo  and  the  mode 
of  winding  it  %'aric5  in  different  types. 

(i)  Classi/ication  according  to  mode  of  excitation. 

The  current  which  excites  the  electro-magnet  may  be 
derived  from  the  induced  current  or  it  may  be  independ- 
ent of  it.  The  former  method,  which  is  termed  self- 
exciling,  is  the  only  one  used  in  medicine.  Of  this  there 
are  three  variclies. 

(a)  Series  excitation,  where  the  whole  of  the  induced 
current  passes  through  the  cicctro-magnet. 

(b)  Shunt  excitation,  where  a  part  only  of  the  in- 
duced airrcnt  passes  through  the  cIcctro-magneL 

(c)  Compound  exctlation,  whkh  consists  of  two  dis- 
tinct windings  to  the  electro-magnet,  one  in  scries  and 
the  other  a  shunt. 

(s)  Classification  of  dynamos  according  to  the  method 
of  -winding  the  armature. 

(a)  Siemen's  winding,  already  described  in  par.  67. 
This  method  is  not  suitable  for  obtaining  large  dif- 

(tTcncee  of  potentLat;  the  different  wires  bearing  the  in- 
duced currents  arc  too  close  together  where  they  cross 
one  another  at  the  closed  end  of  the  armature. 

(b)  Gramme  winding,  in  which  the  coils  arc  wound 
round  a  ring  which  revolves  between  the  poles,  each 
coil  being  connected  to  one  sector  of  a  collector  placed 
on  the  axis.    Kig.  6. 


FiiE.  & 
73.    Adjustment  of  the  bnishea.- 

is  taken  from  the  collector  by  nicaii^ 

brushes.     If  there  wcr«  no  self^inc 

might  be  placed  on  the  neutral  line  < 

the  induced  E.M.F.  is  zero.     (6S) 

Owing  to  the  retardation  due  to 
brushes  must  be  placed  behind  the  zt 
prevent  sparking  at  each  break  of  cont 

This  displacement  from  the  ncutn 
lead,  and  the  angle  which  the  line  of 
with  the  neutral  line  is  the  angle  of  ad 

7J.  Dynamos  for  medical  use. — Ii 
rent  from  a  direct  current  dynamo,  \ 
its  intensity  I,  the  difference  of  poleU' 
V,  and  the  electric  power  VI. 

The  rate  of  rotation  of  the  armature, 
ity,  is  measured  in  revolutions  per  mini 

'  The  C.G.S.  unit  of  wmj 
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The  E.M.F.  driving  the  current  through  the  sccoodiry 
circuit  is  ihe  sum  of  the  external  difference  of  potenti&l  V 
and  the  fall  of  potential  in  the  induaion  coil  itself.  This 
internal  fall  of  potential  rl  occurs  in  all  electric  generators 
and  varies  with  the  power  of  the  d>*namo.  The  internal 
energy  rl  X  I,  or  thermic  energy,  is  dissipated  as"  heat, 
causing  an  increase  in  the  temperature  of  the  generator. 

The  ratio  ip,  t.*.,  the  ratio  of  the  internal  fall  of  potential 

to  the  total  electromotive  force,  and  therefore  also  the  ratio 
of  the  internal  power  to  the  total  power,  is  generally  about 
.06  for  a  dynamo  of  2000  watts,  .055  for  one  of  4000  watts, 
and  so  on.  decreasing  as  the  power  of  the  dynamo  increases. 

From  this  it  follows  that,  having  calculaled  l)ie  tlicoretical 
electromotive  force  of  a  dynamo  with  N  turns  in  the  sec- 
ondary coil,  having  an  angular  velocity  w  and  magnetic  flux 
4,  we  must  deduct  a  variable  fraction  of  the  value  thus 
obtained  in  order  to  determine  the  available  voltage. 

The  medical  electrician  docs  not,  as  a  rule,  need  to  trouble 
himself  with  these  theoretical  calculations.  He  need  only 
remember  that  the  induced  E.M.F.  is  proportional  to  N 
the  number  of  turns  in  the  winding  of  the  annature,  to  u 

■  the  angular  velocity,  and  to  O  the  flux  of  magnetic  force 
through  the  circuit.* 
74.    Choice  of  3  dynamo. — Tlie  first  point  to  consider 

■  when  choosing  a  dynamo  is  tlie  maximum  power  which  it 
will  be  required  to  furnish.    To  determine  this  we  first  find 
the  maximum  voltage  required. 
Thus  if  it  is  to  be  used  to  drive  a  I5'  to  20-inch  Ruhm- 

'  For  <]cuiU  of  dyiuRio  coflstanls.  the  reader  ihould  conitull  Ho»- 
piulicr't  "le  Manual  de  I'tlecirician-" 
I           TlK  formuU  (or  the  E.M.F.  it 
^K K-  a,.  »       ,  vohi  fpr  induction  coili  with  windinss  in 

■ 

^^f  where  p  it 


_  t 


60 


60 


parailcL 
-^lO-*  volt*  for  coil*  wound  in  teries. 


^  where  p  if  Ibe  mtnibcr  of  sections  on  the  commuUtork 
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korff  coil  it  should  be  capable  of  giving  a  difTcrence  of 
potential  of  60  volts.  If  a  Wchncic  Jnterruplor  is  to  be^ 
used  100  volts  are  required.  I'or  charging  20  accumulators 
in  scries  60  volts  will  be  needed,  whereas  70  volts  is  the 
most  convenient  E.M.F.  for  clcetric  lighting. 

Having  decided  on  the  voltage,  we  have  next  to  determine 
tile  power  in  watU  required  to  supply  the  whole  of  the 
apparatus  which  is  to  be  used  simultaneously.  As  a  basis 
for  this  calculation  we  may  note  that  a  live  candle  power 
incandescent  lamp  require*  15  watts;  a  10  candle  power 
lamp  i-cquircs  32  watts,  and  a  32  candle  power  lamp  100 
watts. 

From  6c»  to  1200  watts  arc  required  tor  an  arc  lamp  of 
400  to  1000  candle  (towi-r  culpable  of  well  lighting  a  room 
ao  by  30  feet,  or  of  giving  sufficient  illumination  for  a 
36  feet  sciiiarc, 

A  15-  to  20-indi  coil  requires  from  5  to  is  amperes 
a  pressure  of  40  to  fx>  voUs,  or  about  700  watts.  It  must  be 
remembered  that  if  the  dynamo  is  producing  a  pressure  of 
90  volts,  while  the  coil  can  only  carry  45  volts,  the  remain- 
ing 45  volts  is  wasted  as  heal  in  the  rheostat.  We  must, 
therefore,  allow  for  iioo  watts  instead  of  the  540  watts 
(la  amp,  X  45  volts)  actually  required.  If  the  pressure 
of  the  d\Tiamo  is  only  50  volts  we  need  only  allow  about 
600  watts  for  the  coil. 

For  heating  purposes  we  allow  600  to  700  watts  for 
every  1000  cubic  feet  of  space. 

For  small  apparatus,  stich  as  plate  warmers,  foot  warm- 
ers, kettles,  etc.,  20  to  200  watts  are  sufficient. 

The  power  required  for  motors  will  be  dealt  with  in 
paragraph  75. 

Having  added  up  all  these  quantities  and  made  allowance 
for  the  fact  that  although  we  may  intend  to  use  the  lai^r 
apparatus  (lighting,  motors,  heat  and  light  baths,  etc.)  al- 
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tdy,  it  is  occasionally  found  necessary  to  run  them 
simultaneotisly,  we  have  the  two  factors,  voltage  and  power, 

i necessary  to  detennine  the  siic  and  description  of  dynamo 
required.  The  further  specification  may  safely  be  left  to 
the  manufacturer. 

75.  Motor*  for  driving  dynamos. — The  motive  force 
may  be  electricity,  steam,  Ras.  compressed  air,  petrol, 
water  or  wind.  The  important  point  is  to  determine  the 
power  required  to  drive  a  given  dynamo  and  to  choose 
motor  accordingly. 

The  e/hcienty  of  1  dynamo  is  the  ratio  of  the  power  of  the 
current  given  out  by  the  dynamo  to  the  power  stipplicd  by 
the  motor.  The  co-efficient  of  transformation  is  the  ratio 
of  the  total  power  given  out  by  the  dynamo  P  ^  to  the  power 
of  the  motor  P 

m 

p 

Coeff.  transf.  =  5' 

"at 

The  useful  electric  power  of  the  dynamo  P  is  only  a 
fraction  of  the  total  power,  and  this  fraction  varies  with 
the  absolute  value  of  the  power.    The  tUclric  efficiency  of 

p 
the  dynamo  is  given  byg^. 

In  order  to  chose  3  motor  we  must  know  the  ratio  of  the 
useful  power  of  the  dynamo  to  tttc  power  of  the  motor  which 


drives  it. 


p 
This  ratio     "  is  the  industrial  efficiency. 

Pm 


The  industrial  efficiwicy  for  medical  dynamos  is  relatively 
small,  since  the  efficiency  is  always  less  with  small  ma- 
chines. The  industrial  efficiency  will  also  vary  with  the 
type  of  machine  employed,  p 

In  a  well-designed  d>-namo  llie  induMrial  efi^ciency   ■»? 

i/aries  from  60%  for  looo  watts,  to  67%  for  aooo  watts, 
and  70%  for  4000  watts.    This  difference  is  chiefly  due  to 
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the  Tariation  in  the  electric  efikienc)',  whtcfa  is  about  75%'  ^ 
in  a  tooo  watt  d>-nanK>,  and  rises  to  82^  in  a  3000  wat 
dynamo. 
Id  order  to  drive  a  1000  vatt  dynamo  (about  1.33  horse 

power)  the  motor  must  have  a  power  of  at  least  1000  X  — 

TO 

watts,  nearly  1660  watts,  or  1.66  poncelcts. 

With  smaller  machines  the  power  of  tlie  motor  must  be 
double  or  even  triple  the  number  of  watts  furnished  by  the 
dynamo. 

Instead  of  the  poneelct,  which  is  too  kilogramme-metres 
per  second,  manufacturers  tistiully  dm  the  horse  power  of 
75  kilogram me-mctrcs  per  second  as  the  unit  of  measure- 
ment of  power.  One  horse  power  is  .75  poncelet,  or  750 
watts,  and  one  poncelet  is  1.33  horse  power. 

Since  the  efficiency  of  small  motors  is  very  variable  we 
should  be  guided  by  the  maker  in  the  selection  of  a  motor 
of  suitable  power. 

5.     THE  USE  OF  THE  CONSTANT  CURSF.NT  FSOM  THE  PI;BUC  ' 
MAINS  FOX   MEDICAL  PUKTOSES. 

76.  Form  of  the  continuous  current  supplied  from 
the  mains. — Like  all  currents  generated  by  dynamos,  the 
current  from  the  public  mains  is  not  strictly  constant.  la, 
a  diagram  of  the  current  the  intensity  will  not  be  reprt 
scnted  by  a  straight  line  parallel  to  the  time  axis. 

It  approximates,  however,  very  closely  to  the  constant 
current  form,  in  consequence  of  the  lar^  mmibcr  of  wind- 
ings on  the  armature  used.  Such  a  current  may,  therefore, 
be  used  for  galvanisation. 

77.  Tlie  constant  current  from  the  mains. — ^The  con- 
tinuous current  from  the  public  main  may  be  used  for  gal- 
vanisation either  directly  or  in<Iircctly. 

78.  Tlie  direct  use  of  the  public  supply  for  galvanig 
tioik — ^There  are  several  objections  to  ;hc  direct  use  of  the 
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onrent  from  the  mains  for  galvanisation.  Sonw  of  these 
have  already  been  nicntioncd  in  paragraph  64.  To  these 
must  be  added  the  danger  of  short  circuiting  from  the  elec- 
^Irodc  to  earth  through  the  patient's  body.  It  i»,  therefore, 
ibsoliitely  ncce»»ar>'  to  insulate  botli  patient  and  operator 
from  the  earth  by  3  wooden  stool  with  glass  feet,  or  some 
such  means. 


1      ^con 


^ 


79.  Indirect  use  of  the  constamt  current  mains. — The 
continuous  current  from  the  mains  may  be  used  indirectly 

galvanisation  in  several  different  ways. 

(1)  It  may  be  u*cd  to  charge  the  accumulators  for  the 
supply  of  (he  galvanic  current  for  medical  purposes.  (52.) 

(3)  It  may  be  transformed  into  a  continuous  current  of 
lower  voltage.  For  this  purpose  a  small  dynamo  is  used, 
Iriven  by  an  elcclro-motor  supplied  from  the  mains.  This 
method  has  been  described  in  paragraph  64. 

Since  the  dynamo  is  required  only  for  the  production  of 
a  gah-anic  current,  it  should  be  of  small  power.  Tlie  maxi- 
mum voltage  required  is  about  40  volts,  and  the  maximum 
current  250  mitliamperes. 

{3)  The  galvanic  current  may  also  be  obtained  from  the 
continuous  current  mains  by  using  a  direct  transformer  in 
lieu  of  a  motor  and  dynamo. 

A  transformer  consists  of  an  armature  with  two  wind* 
iogs,  one  of  which  receives  the  current  from  the  mains, 
while  the  other  suppliers  an  induced  current  of  low  tension. 
The  lightness  and  cheapness  of  this  apparatus,  and  the 
absence  of  sparking  make  it  a  very  convenient  mode  of 
obtaining  a  galvanic  current. 

80.  Use  of  tfae  alternating  current  main  for  produc- 
g  continuous  currents. — In  order  to  use  the  alternating 

supt^y  for  the  production  of  a  continuous  current,  the  .ilter- 
oating  current  must  be  rectified  either  by  accumulators  or 


46  fAiTT  I— cHArna  t 

by  mechanical  transformers.  This  method  has  been  already 
described  in  the  paragraph  on  charging  accumulators  from 
the  alternating  mains.  Electrolytic  ralvcs  do  not  give  a 
sufficiently  continuous  current  to  allow  of  their  being  used 
for  galvanisation, 

IIL    Medical  employment    of  the  continucus  current.  Resist- 
ances, conductors,  measuring  instruments,  etc. 

8i.  General  considerations. — The  practical  application 
of  the  constant  current  requires  the  use  of  conductors,  resist- 
ances, rheostats,  measuring  instruments,  the  various  forms 
of  apparatus  for  therapeutic  application,  the  metronome, 
intemiptors,  reversers,  etc. 

The  human  body  to  which  tlie  current  is  applied  may 
be  considered  as  a  portion  of  the  external  circuit,  possessing 
its  own  definite  resistance.  The  general  laws  of  currents 
apply  also  to  the  passage  of  electricity  through  the  body. 
These  arc  :— 

1.  The  relations  between  the  voltage  V,  the  current  I, 
and  the  resistance  R. 

2.  The  fall  of  potential  along  a  ciraiil  with  varying 
resistance  in  different  portions. 

3.  The  intensity  of  a  current  circulating  tlirough  two  or 
more  parallel  branches. 

82.  Relation  between  the  three  quantities  V.  I,  &  R. — 
If  V  be  the  difference  of  potential  hclween  any  two  points 
of  a  circuit.  R  the  resistance  of  the  portion  of  the  circuit 
between  those  two  poinlR,  and  1  the  current  in  the  circuit, 
then  by  Ohm's  law 

V  =  RI 


«=? 
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From  lh«sc  three  equations  the  value  of  any  one  of  these 
'quantities  may  be  obtained  if  ihc  other  two  arc  kiiov>'n. 

83.  Pall  of  potential  along  a  conductor  of  unifonn  or 
variable  resistance. — Consider  a  battery  of  primar>'  cells 
driving  a  current  through  a  circuit  whidi  consists  of  a 
huniau  body  interpuscd  between  two  metal  conductors. 
\Mtat  will  be  the  fall  of  potential  along  this  circuit,  and 
)iow  will  it  vary  in  the  metal  conductors  and  in  tlie  body  ? 
In  other  words,  how  will  the  difference  of  potential  at  the 
poles  of  the  battery  compare  with  the  difference  of  potential 
between  lite  electrodes  at  ihetr  point  of  junction  with  the 
body? 

Since  I,  (he  intensity  of  tlic  current,  is  the  same  tlirough- 
out  the  circuit,  it  is  dear  from  the  formula  V  =:  R  I,  that 
the  dilTerence  of  potential  between  any  two  points  will  be 
proportional  to  the  resistance  of  the  ciraiit  between  those 
ptMnts. 

Let  us  suppose  that  the  total  resistance  of  die  \sholc  cir- 
cuit is  2000  ohms,  and  that  the  difference  of  [lotential  at 
the  terminals  of  the  batter)-  is  40  volls.  If  we  take  two 
points  in  the  circuit  such  that  the  resistance  between  them 

tis  1500  ohms,  the  difference  of  potential  between  tlicsc  two 
points  will  be 


^^-of  40  volts  =  30  volts. 
aooo 


In  general,  tlie  difTcrcnce  of  potential  V  between  two 

points  separated  by  a  resistance  R',  is  a  fraction  of  the 

R' 
total  voltage  V.  expressed  by  the  equation  V'  =  -s-  V, 

where  R  is  the  total  re:ciMancc  of  the  circuit. 

This  formula  sttows  us  Iliat  to  avoid  waste  of  potential 
we  should  use  conductors,  whose  resistance  R'  is  negtigable 
in  comparison  with  the  resistance  of  the  body. 

4 
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The  same  considerations  teach  us  to  use  thick  wires  for 
supplying  the  current  to  electric  cauteries,  lamps,  etc. 

R4.  Intensity  of  currents  in  parallel  circuits — Use  of 
resistances. — Whtii  1  circuit  i-;  completed  by  means  of 
Iwo  conductors  connected  in  scries,  the  total  resistance  is 
equal  to  the  sum  of  the  resistances  of  the  two  conductors. 

When  the  circuit  is  completed  by  two  conductors  which 
are  connected  together  at  both  ends,  the  conductors  arc  said 
to  be  connected  in  parallel.  In  this  case  a  portion  of  the 
current  pastes  through  each  conductor. 

The  intensity  of  the  current  in  either  branch  ts  given 

by  T  =-o-wherc  V  is  the  difference  of  potential  between 

the  ends  of  the  conductor  and  R  the  resistance  of  the  con- 
ductor under  consideration. 

The  total  current  in  the  circuit  will  be  the  sum  of  the 
airrents  in  each  braiKh— that  is  to  say,  the  circuit  will  act 
like  a  single  circuit  with  a  resistance  less  than  llie  resist- 
ance of  either  branch. 

In  this  way  an  equii>alent  raistonce  may  be  found  which 
will  replace  the  series  of  parallel  conductors. 

85,  Calculation  of  equivalent  resisunces-^The  cur- 
rent passing  through  the  various  branches  of  two  or 
more  conductors  connected  in  parallel  is  found  by  Ohm's 
law 


hence  the  total  current 


L^^      etc. 


The  equivalent  resistance  is  the  single  resistance 
may  be  substituted  for   the  set  of  conductors  without 
altering  the  current    If  R  be  this  resistance 


which  ■ 
ithout    ■ 
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The  reciprocal  of  the  equivalent  resistance  is  equal  to  the 
'sum  of  the  reciprocals  of  the  resistances  of  tlte  different 
branches. 

861.  Lines  of  flux  in  a  broad  conductor. — When  a  cur- 
'rent  pa»ses  from  a  filiform  conductor,  such  as  a  metal  wire, 
into  a  conductor  of  conxiderable  thickness,  such  as  the 
human  body,  it  spreads  out.  The  lines  of  flow  spread  out 
around  the  direct  line,  joining  tlic  two  points  of  juncture 
with  the  wires,  becoming  further  apart  and  therefore  less 
dense  as  Uicj'  get  f«rther  from  thcne  i>oints.    (Fig.  8,) 


Rg.a 

The  current  will  produce  its  greatest  effect  on  the  body 
,at  t3ie  points  of  application  of  the  wires,  where  there  is  the 
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greatest  intensity  per  unit  of  cross  section.  This  energetic 
action  at  the  points  where  the  current  enters  and  leaves  the 
body  is  called  the  fiolar  action  of  the  currcnL 

87.  Conductors  for  medical  galvatusation, — ^The  con- 
ductors employed  for  galvanisation  should  be  such  that  the 
fall  of  potential  along  them  may  be  as  small  as  possible, 
and  therefore  iheir  resistance  should  be  small  compared 
with  that  of  the  body. 

The  resistance  of  a  conductor  varies  directly  as  its  length, 
and  inversely  as  its  area  of  cross  section.  Thin  wires  may, 
therefore,  be  used  when  only  short  conductors  are  required, 
but  thick  wires  sliould  be  employed  when  the  conductor  is 

long- 
All  metals  are  not  equally  good  conductors.  The 
sptciHc  resisiaitce,  or  resislh'ity  of  a  metal,  is  the  resistance 
of  unit  length  of  a  bar  of  that  metal  of  unit  cross  section. 
Tile  resistivity  of  a  given  metal  varies  with  the  tem- 
perature. 

If  p^  be  the  resistivity  at  (>•,  and  p  the  resistivity  at  a 
temperature  0,  we  gel  approximately  p6  =  pfi  (i  4-  a^) 
where  a  is  the  coefficient  of  temperature  and  varies  with 
the  metal  considered. 

The  coitiluclivHy  of  a   metal  is  the  reciprocal  of  its 

resistivity    — .    The  conductanct  of  a  conductor  is  the 

reciprocal  of  its  re»stance  ~- 

K 

88.  Choice  of  conductors. — ^There  are  two  cases  to  b: 
considered. 

(1)  We  may  desire  to  connect  a  distant  generator  of 
electricity  to  some  intermediary  apparatus  placed  close 
to  the  patient,  such  as  a  current  reducer,  a  iheostat  or  a 
current  collector. 

(2)  A  flexible  conductor  may  be  required  to  connect 
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the  terminals  of  utilisation  to  the  electrodes  which  are 
applied  to  the  patient. 

In  the  first  c^«  wc  have  merely  to  supply  an  adequate 
path  for  the  current;  in  the  second,  flexibility,  lightness 
and  convenience  are  also  to  be  considered. 

^8g.  Electrophorcs. — No  fixed  rules  can  be  given  for 
tie  conductors  used  to  connect  different  pieces  of 
pparatus. 
Copper  wire  i  mm.  in  diameter  has  a  resistance  of  2 
ohms  per  hundred  metres  and  weighs  700  prammcs  per 
100  metres,  or  about  Ij^tb  per  100  yards.  Tliia  will 
serve  as  a  useful  basis  from  which  to  reckon.  Suppose 
wc  wish  to  pass  a  galvanic  current  through  a  minimum 
resi.Mance  of  too  ohms,  with  a  maximum  current  inten- 
sity of  200  milliampcrcs,  and  that  the  generator  is  50 
^fcinetrcs  from  the  patient 

^  Since  V  =  IR.  the  difference  of  potential  V  at  the  ter- 
minals of  the  generator  will  be  (ioo-{-2)  ohms  X-^ 
amperes  =20.4  volls,  if  we  are  working  with  primary 
cells  and  a  collector,  and  without  any  .adjustable  resist- 
ance so  that  there  is  no  resistance  besides  that  of  the 
wires  and  the  patient  to  be  accounted  for. 

The  difference  of  potential  V"  at  the  points  of  utilisa- 
tion  will  be  given  by 
H  100 


V"=V 


100  +  3 


too. 


and  will  therefore  be""  20.4  X-^=  ao  voits. 

I03 


The  fall 


of  potential  in  the  leads  will  be  .4  volts  per  hundred 
metres. 

The  diameter  of  the  wire  employed  will  vary  with  the 
length  required  and  with  the  resistance  of  the  other  por- 
tions of  the  circuit.    As  a  rule  it  is  better  to  use  thick 
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wir«$,  those  used  for  movable  electric  lights  are  a  very 
convenient  size. 

The  insulation  of  the  conductors  is  of  great  importance. 
In  moist  situations  such  as  cellars,  etc.,  cotton  or  silk 
should  not  he  used  as  an  insulating  material.  Vulcanised 
rubber  is  the  best  substance  for  such  use.  When  the 
conductor  is  placed  underground,  a  lead  tube  should  be 
employed  in  addition  to  the  insulating;  matcriaL 

The  most  elementary  precautions  of  insulation  are 
often  neglected  on  the  pica  that  the  difference  of  poten- 
tial is  small  and  the  currents  weak.  The  loss  from  such 
causes  mny  nevertheless  be  considerable.  There  is  also 
a  danger  that  badly  insulated  wires  may  come  into  contact 
with  the  wires  of  the  electric  light  service,  or  other  high 
potential  wires.  Insuhtted  wires  should  always  be  used, 
and  if  of  any  great  length,  they  should  be  protected  by  a 
wooden  moulding.  Where  several  different  conductors 
are  placed  close  together,  as  in  passing  through  a  hole 
in  a  wall,  the  leads  should  be  insulated  with  rubber  tub- 
ing as  carefully  as  if  they  were  wires  of  high  potential. 
Many  accidents  would  be  avoided  if  these  simple  pre- 
cautions were  employed. 

90t  Flexible  conductors. — Flexible  conductors  are 
made  of  metallic  braid,  or  of  several  fine  copper  wires 
covered  by  some  insulating  material,  the  ends  being 
soldered  to  a  suitable  contact  piece.  Flexible  conductors  ■ 
are  very  liable  to  break,  and  whi-n  there  is  an  interrup- 
tion of  the  current,  the  flexible  conductors  should  .always 
be  examined  Rrst. 

gt.     Resistance. — Rheostat.— 'Potential-reducers. — Ex-' 
cept  in  the  case  of  a  galvanic  battery  with  a  current  col- 
lector, the  strength  of  the  current  is  usually  regulated 
by  means  of  a  variable  resistance  introduced  into  the 
circuiL 
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methods  of  introducing  a  resistance  into  the  cir- 
cuit are  shown  in  Figs.  9  and  10. 
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The  resistance  may  be  simply  connected  in  8cri«  with 
the  circuit  of  utilisation,  as  in  Fig.  i}.  This  is  the  ordi- 
nary rheostat  arrangement. 

In  the  poUnliai  reducer  arranfjcment,  shown  in  Fig.  10, 
,the  resistance  only  is  introduced  inlu  ihe  main  battery  cir- 
cuit, and  the  circuit  of  utilisation  is  joined  np  in  parallel 
"with  the  resistance. 

These  distinctive  terms,  potential  reducer  and  rheostat, 
though  commonly  used  in  medical  electricity,  are  not 
altogether  sat  is  factor)-,  since  ihc  result  in  both  cases  is  to 
diminish  the  difference  of  potential  at  the  terminals  of 
utilisation  and  the  term  rheostat  is  often  used  for  any 
form  of  adju-stable  rcsi-^tance, 

In  the  application  of  a  galvanic  current  to  the  human 
body,  the  use  of  the  potcntial-rcduccr  is  much  to  be  pre- 
ferred. 
»When  the  rheostat  arrangement  is  used,*  the  intensity 
•Let  R.  be  the  rtustaiKc  of  llie  bodr- 
E,  tht  EM  F.  o(  ihe  generator, 
r,  the  internal  remittance  of  ihc  trriMatOf, 
rK,  the  rc^^iMancr  o(  lite    iticoitat  in  »erie*. 

ft,  iltc  rcmt4occ  of  the  ;>ar(iDn  of  thr  potential- red ticcr  io  parallel 
rV'tb  the  circuil  of  titiliiation  in  Fin.  to. 
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of  the  current  passing  Uirough  ikc  body  will  be  given  by 

In  order  to  pass  gradually  from  zero  up  to  a  current  of 
I  mtlliampere  by  merely  var>'ing  rh,  rli  muxt  be  inddui' 
itely  large.  This  is  very  <lifficult  to  obtain  wlien  the  rlieo- 
stat  consists  of  wire  resistances. 

By  using  the  poteniial-rcduccr,  however,  the  current 
f  (Kiiuing  through  ibe  patient's  body  is  only  a  fraction  of 
the  total  current  I, 


1  =  1.-5^ 


The  total  current  is  itself  the  quotient  of  E  by  the  sum 
of  the  internal  battery  resistance  r„  the  external  resist- 
ance rh,,  and  the  equivalent  resistance  of  the  two  con- 

1 
ductors  in  parallel  i    ,    i 

E 


>•  +  rh  -^. 


Tlie  advantage  of  this  method  is  that  we  can  gradually 
increase  the  current  through  the  body  from  zero  to  i 
mlUtampcre    by    altering    p    suflkiently    to    increase    the 

fraction t of  the  current  which  passes  throuc-h  tlie 

body,  instead  of  having  to  alter  the  total  current. 

The  portion  of  the  current  passing  through  the  resist- 
ances in  the  parallel  circuit  is  of  course  wasted ;  this  is, 
however,  of  no  practical  disadvantge. 
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i/2.  Rheostats. — Rheostats  or  variable  resistances 
be  cither  meullic  or  liquid.  In  Lewandowski't 
'rheostat  the  re»isUnce  is  formed  of  a  lapering  bar  of 
grapliiie. 

Liquid  rheostats  are  rnor«  generally  employed.  In 
that  dex-tscd  by  Duckenne  of  Boulogne,  the  resistance 
consists  of  a  ton^  tube  filled  with  water.  One  rlieopliore 
is  connected  to  the  bottom  of  the  tube,  and  the  other  is 
attached  to  a  movable  rod  which  dips  into  the  liquid  to 
any  desired  depth. 

In  Bergoni^s  model  a  very  high  resistance  is  obtained 
by  emplo>'ing  at  electrodes  carbon  rods  terminated  by  glass 
capillaries  through  which  the  conducting  liquid  has  to 
pass.  This  instrument  i*  very  useful  for  medical  galvani- 
sation, where  it  is  important  to  avoid  a  shock  on  starting  the 
current.  The  U-shaped  rheostat,  designed  by  Bergonii  and 
Bordier,  is  on  the  same  principle.  In  order  to  alter  the 
resistance  the  U-tube  is  raised  or  lowered,  tlie  electrodes 
trodes  remaining  fixed. 

93.    Potential'Reducers. — These  may  he  either  liquid 
or  metallic.    Caiffe's  circular  metallic  potential- reducer  is  a 

convenient  form. 

I 

I  The  instrument  should  be  so  constructed  that  when  the 
current  in  the  circuit  of  utilisation  is  zero  the  useless  cur- 
rent  passing  through  the  resistance  shall  be  also  cut  off. 
<)4.  Instruments  for  measuring  galvanic  currents. — 
The  instruments  required  for  measuring  the  galvanic  cur- 
rent are  the  voltmeter  and  the  milllampcremeler.  In  ex- 
ceptional cases  we  may  also  require  apparatus  for  meas- 
uring the  resistance. 

Tlic  resistance  of  the  human  body  is  measured  by  a 
special  process  described  in  paragraph  257. 
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95-  Measurement  ot  current— Galvanometer — Electro- 
dynamometer — Milliamperemeter. — When  an  electric 
current  passes  along  a  conductor  parallel  lo  a  iiia^rt,  the 
magnet  tends  to  place  itself  at  right  angles  to  tlic  current. 
in  sudi  a  manner  tliat  the  north  pole  o(  tlie  magnet  will  be 
on  tlw  left  side  of  the  current.     (Ampere's  law.) 

If  the  magnet  be  so  siispcnded  that  there  is  a  constant 
nieclianical  force  lending  to  restore  it  to  its  original  posi- 
tion, the  amount  of  the  deviation  will  be  a  measure  of  the 
current  passing  in  the  wire.  The  galvanometer  is  an  instru- 
ment in  which  this  repulsion  between  a  current  and  a  mag- 
net is  made  use  of  in  order  to  measure  the  current.  In  the 
original  form  of  galvanometer  tlie  circuit  was  fixed  and 
the  magnet  movable.  Tlie  oscillations  of  the  magnet 
needle  caused  this  method  to  be  abandoned  in  favour  of  a 
fixed  magnet. 

Aperiodic  galvanometers  arc  now  nscd,  in  which  the 
wire  carrying  the  current  is  wound  round  a  frame  which 
rotates  about  a  fixed  magnet.  An  index  attached  to  tliis 
frame  shows  at  once  the  number  of  amperes  or  milliam- 
percs  without  any  preliminary  osdllation. 

An  electrodynamomeler  is  an  instrument  in  whidi  the 
fixed  magnet  is  replaced  by  an  electric  circuit  wound  as  a 
solenoid.  The  movable  ciraitt  is  arranged  in  the  sai..^ 
way  as  in  the  galvanometer  and  is  connected  in  scries  with 
the  solenoid  so  that  the  current  to  be  measured  passes 
through  both.  The  solenoid  will  change  its  poles  as  often 
as  the  current  changes  its  direction.  The  deviation  will 
thus  always  be  in  tlie  same  direction  whichever  way  the 
current  flows.  An  electro-dynamometer  is,  therefore,  capa- 
ble of  measuring  an  altcmaling  current. 

The  mi  Hi  amperemeter  is  a  very  delicate  aperiodic  gal- 
vanometer or  electro-dynamometer  constructed  to  measure 
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thousandths  of  an  ampere.     It  is  usually  graduated  to 
measure  from  l  to  75  milliampcres. 

Some  instnuncnu  are  provided  witli  a  shunt  by  means 
of  which  a  current  up  to  250  milliampcrcs  may  be  meas- 
ured. The  shunt  is  a  resistance  placed  in  parallel  with  the 
movable  coil,  so  that  4-5  of  the  current  will  pass  through 
it,  and  only  1-5  tlirough  the  coil. 

I  When  the  shunt  is  in  use  the  total  current  will,  there- 
fore, be  five  limes  as  great  as  that  registered  by  tlie  index. 
In  some  instruments  two  different  sliunts  are  provided. 

96.  Measurement  of  difference  of  Potential — Volt- 
meter.— Differences  of  potential  in  a  galvanic  circuit  are 
measured  by  means  of  a  voltmeter.    A  voltmeter  is  a  gal- 

[  vanometer  or  electro-dynamometer  of  very  high  resistance, 
introduced  in  parallel  with  the  main  circuit,  and  connected 
to  the  two  points  whose  difference  of  potential  it  is  desired 

'  to  detCTTnine. 


yj- 


_^,    yi. 
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Fig-  II. 

In  Fig.  1 1  E.r.  is  the  galvanic  battery  and  mh  the  body  of 
the  patient-  The  circuit  p  m  h  h'  n  consists  of  three  parts, 
the  conductors  pm,  h'n,  whose  resistance  is  negligable; 
the  body  of  the  patient,  mh,  and  the  milliamperenjeter  A. 
The  fall  of  potential  along  the  circuit  will  be  irregularly 
distributed  in  accordance  with  the  varying  resistance  of 
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its  sev«nl  parts.  Tlie  difference  of  potential  to  he  meas- 
ured is  that  Ixtwecn  m  and  h.  The  voltmeter  is,  lliercfore, 
tntrtxiticed  into  the  circuit  between  these  two  points,  as 
shown  hy  the  continuous  lines  in  the  figure. 

The  act  of  introducing  the  voltmeter  will  in  itself  dimin- 
ish tlie  clifFercnce  of  ]X>lontiaI  between  in  and  h,  for  the  cur- 
rent now  has  two  routes  of  resistances  K  and  p',  where 
originally  it  had  but  one,  R. 

The  difference  of  potential  was  ori^nally        E 


+  1 


This  now  becomes 


E 


1±1L. 


The  quantity  by  whidi  the  potential  difference  i»  dimin- 
ished will  decrease  as  p*,  the  resistance  of  the  voltmeter 
circuit,  increases. 


When  p'  is  infinitely  large 


T+P 


becomes  0  and   the 


difference  of  potential  will  be  unaltered  by  the  iotroduction 
of  the  voltmeter. 

Even  with  a  voltmeter  of  10,000  lo  20,000  ohms'  resist- 
ance, the  chanfjc  of  potential  due  to  its  introduction  is  con- 
siderable. VVe  are  unable  in  medical  work  to  use  the' volt- 
meter as  is  often  done  under  other  circumstances,  by  intro- 
ducing it  into  the  circuit,  reading  the  voltage,  and  then  cut- 
ting it  out  again.  The  resistance  of  the  human  body  is  of 
the  same  order  as  that  of  the  voltmeter,  and  when  the  volt- 
meter is  cut  out  there  is  an  instant  rise  of  potential  between 
the  terminals  of  utilisation. 

An  amperemeter  placed  at  A  will  indicate  the  total  cur- 
rent, only  a  portion  of  which  passes  through  the  patient's 
body,  the  remainder  passing  through  the  voltmeter  only. 


GMXAKK  tm  CDXTTNttOL'S   CUIIKEKT 


« 


be  portioQ  passinff  through  th«  body  will  be  a  fraction  of 


^^: 


ID 


Ihc  whole  represented  by      ,  ^  _  , 

In  order  that  this  fraction  should  approximate  to  unity, 

would   have   to   be   infinitely   large   compared   with    R. 

is  is  impo^iblc  when  R  is  the  human  body,  even  if  we 
have  a  voltmeter  of  20,000  ohms'  resistance,  such  as  that 
used  by  Bergonii. 

To  remedy  this  defect  wc  may  connect  the  voltmeter  to 
the  pmntx  ra  and  h'.  In  this  case  the  milliampcremctcr  will 
give  tlic  true  current,  but  the  voltmeter  will  no  longer  give 
the  true  voltage  between  the  terminals  of  utilisation,  but 

ill  indicate  the  total  difference  of  potential  between  m 
and  h' ;  i.e..  the  fall  of  potential  in  the  patient's  body  plus  that 
in  Ihc  amperemeter.     1  (R  +  p). 

In  medical  galvanisation  there  is  no  method  of  measur- 
ig  both  the  voltage  and  the  amperage  accurately.  Even 
when  the  resistance  of  the  miitiampcrt-meter  is  very  low  and 
that  of  the  vottmeter  very  high,  lopoo  to  20,000  ohms,  the 
two  measuremenu  when  taken  together  will  be  inexact. 
When  we  have  a  voltmeter  in  the  circuit  we  must  be  content 
with  an  approximate  measurement  of  the  current  by  means 
of  the  amperemeter. 

The  milliamperemcter  in  general  use  has  a  resistance  of 
L5  to  3  ohms  when  the  shunt  is  in  use,  and  3  to  5  ohms 
without  the  shunt 

In  consequence  of  the  impossibility  of  determining  I 
and  V  simultaiieously.  we  are  unable  to  calcublc  the 
resistance  of  a  body  by  the  direct  application  of  the 

formula  R  =     -s-  of  Ohn^s  law.    AU  we  can  do  b  to  cal- 
culate tlw  total  resistance  of  the  portion  nh'  of  the  circuit, 
-tnd  subtract  from  this  the  known  resistance  of  the  miUi- 
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amperemeter  and  the  electrodes.  The  remainder  will  be  the 
resistance  of  the  body. 

9~.  Measurement  of  Resistance. — Wc  have  seen  that 
whcii  the  r<;sist:iiicc  of  a  conductor  is  small,  we  may  csti- 

mate  its  magnitiuJe  approximately  by  Ohm's  law,  R  =  -r 

measuring  I  by  an  amperemeter  in  the  main  drcutt  and  E 
hy  means  of  a  voltmeter  of  high  resistance,  at  least  lOOo 
times  as  great  as  (he  resistance  to  be  measured.    Th«  error 

is  only  of  the  order  of  —  per  cent  and  may  be  neglected 

for  practical  (xirposes. 

This  method,  however,  is  inapplicable  for  measuring  the 
resistance  of  the  human  tiody,  which  is  several  thousand 
ohms.  We  must  have  recourse  to  a  special  mode  of  pro* 
cedure  which  the  reader  will  find  described  in  the  second 
part  of  this  book,  par.  259. 

He  will  also  find  there  mtthods  of  measuring  the  re.<ist- 
ance  of  the  body  for  faradic  currents.  The  measurement  of 
the  body  resistance  is  complicated  by  phenomena  of  lonisa- 
lion  and  polarisaiton,  whic'i  arc  more  suitably  dealt  with  in 
the  phj'sioloRical  section. 

98.  Accessory  instruments. — The  current  reverser,  of 
which  there  are  many  ilifferent  forms,  is  a  switch  by  means 
of  which  the  direction  of  llie  current  through  a  circuit  may 
be  reversed.  Inlerrupiors  are  used  in  galvanisation  to  inter- 
mit the  current  in  the  circuit  of  utiliKitioti  from  lime  to 
time.  They  may  be  fixed  on  the  switchboard  or  on  the  han- 
dle of  the  electrode.  For  cicctrodiagnosis  the  tatter  ar- 
rangement is  more  convenient. 

A  Metronome  is  used  to  move  a  plunger  dipping  into 
mercury,  to  prodtice  automatic  interruptions  of  the  gal- 
vanic current.  It  is  also  employed  as  the  motive  power  in 
Bergonii's  rhythmic  reverser. 
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The  handles,  plates  or  pads,  by  means  of  which  the  cur- 
rent is  applied  to  the  body,  are  called  electrodes. 

An  indifferent  electrode  is  a  plate  of  considerable  size, 
covering  a  large  area  of  the  body,  and  thus  reducing  the 
polar  action  to  a  minimum.  The  active  electrode  is  of 
smaller  size  and  is  applied  to  the  region  where  we  wish  to 
produce  polar  action  or  stimulation. 

Electrodes  are  made  of  a  conducting  substance  such  as 
tin,  carbon  or  copper.  This  is  covered  with  a  pad  of  some 
soft,  spongy  material  with  an  outer  layer  of  lint,  gauze, 
cloth  or  chamois  leather. 


CHAPTER   n. 
THE   FARADIC   CURRENT. 


L    General  Considentions. 

99.  Definition. — A  faradic  current  Is  the  current  in- 
duced in  3  conductor  when  placed  in  a  magnetic  field,  the 
sircngih  of  which  is  rapidly  alternating  between  its  maxi- 
mum  value  and  zero. 

The  faradic  current  was  discovered  by  Faraday,  in  1831. 
It  is  usually  obtained  by  means  of  the  induction  coil  in- 
vented by  Ruhmkorff  in  1851. 

too.  The  Rubtnkorff  coil. — This  instrument  is  slK>wn 
in  Fig.  12.    The  primary  or  inducing  coil  is  a  coil  of  thick 


hmxK 


M 


HI 


c 


Fir.  13. 

insulated  copper  wire  wound  spirally  round  a  core  of  soft 
iron,  or  3  bundle  of  soft  iron  wires.    NN'. 

Aroun<l  this  primary  coil  is  wound  the  secondary  coil  of 
thin  insulated  wire. 
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A  current  from  a  source  of  cicctncity.  A,  is  passed 
through  the  primary  circuit  and  is  suddenly  stopped  and 
restarted  at  regular  intervals. 

Tliese  periodic  intcrruplions  arc  made  automatically.  One 
of  the  simplest  means  of  doing  this  is  shown  diagram- 
roatically  tn  Fig.  13. 

tWhen  the  two  parts  of  the  interrupter  I  are  in  contact  the 
irrcnt  passes  through  the  primary  circuit,  magnetising 
IN'  which  attracts  the  iron  hammer  M  and  thu»  breaks  the 
intact ;  M  is  then  brought  rapidly  bade  t<t  it<i  original  posi- 
on  by  the  spring  R,  contact  with  I  is  rc-cstablishcd  and 
the  process  is  repeated. 

^H      n.    Production  of  a  fvadic  current  in  an  Induction  coiL 

101.  Theory  of  the  magnetic  circuit  and  the  magnetic 
field. — The  magnetic  flux  in  a  ma^nictic  circuit  is  analo- 
gous to  the  electric  flux  in  a  conductor  of  electricity  through 
which  a  current  is  passing. 

The  magnetic  circuit  is  the  term  applied  (o  any  metallic 
system  which  includes  a  magiKt  or  an  electromagnet.  .An 
ordinary  horseshoe  magnet  and  its  armature  forms  a  simple 
magTKtk  circuit. 

Even  when  there  is  no  armature  we  still  speak  of  a  mag- 
netic circuit,  the  armature  being  replaced  by  the  layer  of 
air  between  the  polos,  through  which  the  lines  of  force  pass 
to  complete  the  circuit. 

.\  magnetic  circuit  is  said  to  he  closed  when  it  is  entirely 
composed  of  metal.  It  is  said  to  be  ofen  when  tlicre  is  an 
air  space  in  the  ciraiit,  or  a  gap  in  the  magnetic  ring. 

A  bar  magnet,  or  the  core  of  a  Ruhmkorff  coit,  fonns  part 
of  an  open  magnetic  circuit,  the  lines  of  force  spreading 
out  at  the  ends  and  bending  back  to  join  and  close  the  cir- 
cuit in  the  surrounding  air. 

The  whole  of  tlic  space,  whether  metallic  or  non-metallic. 
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which  is  traversed  by  lines  of  magnetic  force,  is  called  the 
Magnetic  Field. 


^^mifM^ 


E-  13.— Udu  of  macnMic  torc«  in  r  nugnclis«<l  bir  and  ia  tbe 
stUTOUodiiiK  air. 


102.  Laws  of  the  Magnetic  Circuit. — In  any  magnetic 
'circuit,  whether  closed  or  open,  the  lines  of  niaf^netk  force 
fonn  dosed  curves.  TTie  magnriic  ^ux  along  these  lines  of 
force  is  analogous  to  the  electric  current. 

Tltcre  is  also  a  ma_^netic  resistance  of  ihe  circuit  termed 
its  reluctance,  which  is  analogous  to  the  resistance  of  a 
conductor  of  electricity. 

The  magnetic  flux  is  causeW  by  a  magnelomotiz-e  foree, 

PS  the  flow  of  the  electric  current  is  caused  by  an  elec- 
tive foree. 
sc  three  quanlilies:  macnetomotivc  force    F^   mag- 
9ux  «,  and  reluctance  Rtn 


I 
I 


cfinitioa  4  ^  ^r  vbc^  is 
R 
of  Okm't  Inr. 

Tdc  unit  of  UMjfudJC  bkk  ■  ne  Jffl 
oeto-moliTc  fbne  i*  dM  CttCTf.  «Ued 
is  called  an  OerUedt. 


The  rdnctsnoe  of  a 
Tcctly  to  the  Itoffh  of  Ae  i 
sectioa  and  its  m^nctic 

TIm  ■MfiwlK'  fvrmttb^ty  a  a  pro|imy  off 
lar  xuNtance  of  whsdi  tfae  aram  n  awfe.    TW  i 
of  a  substance  is  the  ttdproai  of  its 
tnlitr. 

103.    Caicntion   of  iiBEiicto-aiotivc 
magnets. — ^Tbc  osaal  method  of  gcjuaiUmg  1 
tiTC  force  is  to  pass  an  ckdiic  cnirem  ttm^gh  a  wtre  «ie> 
ooid  surrounding  an  iron  core. 

I  The  magnetic  force  generated  in  the  iron  cdr  is  incpor- 
lional  to  I  the  strei^th  of  the  dectnc  cnrrcnt,  and  to  a 
the  mimbcT  of  turns  of  wire  in  the  KJtnnUI 

If  1  is  measured  in  amperes,  the  nagncto-fliottve  Eoree  in 
gilberts  is  given  by  f  =  -4  »■  nL 

The  product  nl  is  lerraed  the  ninnber  of  amftrt-twni 
in  the  system. 

The  magnetomotive  force  generated  bj-  one  ampcre-tum 
.4*.     The  magnetic   fiux     F  roeasnml   in   gilberts   is, 
therefore  4*  times  the  number    of  anipere-turns.     One 
gilbert  is  thus  ^x  ampere-turns,   and  one  amperc-tam  is 
,      -4«  gilberts. 

^B  In  practice  wc  do  not  measure  the  magneto-motive  force 
bj  means  of  its  proper  unit,  the  gilbert,  but  by  lh«  ampere- 
tum.  a  unit  which  belongs  to  the  generator  of  the  force. 


•: 
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When  wc  speak  of  a  magneto-motive  force  of  20  anipere- 
tums  wc  meaii  ihe  force  whicli  is  generated  by  a  current  of 
20  amperes  passing  once  round  the  core,  or  by  i  ami)ere 
passiag  tfaroiigh  a  coil  of  20  turns,  or  by  any  other  arrange- 
ment nich  tliat  nl  =:  20. 

This  force  of  20  ampere-turns  is  equal  to  30  X  -4  '  gil- 
berts. 

The  intensity  H  of  a  magnetic  field  developed  by  one 
anipcre-tum  varies  inversely  with  the  length  of  the  circ^iit 
in  which  the  magneto-motive  force  is  generated.  Tlie  unit 
of  intensity  of  magnetic  field  is  the  field  developed  by  one 
anipcre-lurn  one  centimeter  in  radius.  Unit  magnetic  field 
is  sometimes  termed  a  magnetic  field  of  one  ampcre-tum 
per  centimetre. 

The  C,G.S.  unit  of  magnetic  field  is ampere-turns, 

or  -8  ampere-turns  per  cm.  It  i*  called  a  gauss,  and  may  be 
defined  a*  the  intensity  of  a  field  which,  when  acting  on  unit 
magnetic  pole,  exerts  on  it  a  force  of  i  dyne. 

104.  Residual  magnetism — Hysterisis. — When  a  mag- 
netic siib-^lancc  has  been  subjected  to  a  magnetic  field  its 
magnetisation  persists  for  some  time  after  the  exciting  field 
is  rcnioveil.  This  residual  magnetism  is  q>hcnicnd  in  char- 
acter and  generally  disappears  at  once  when  the  magnet  is 
shaken.  If  the  magnetism  persists  for  some  time  tlie  mag- 
net is  said  to  be  permanent. 

H)'Stcresis  is  another  important  phenomenon  of  magnetic 
induction.  When  a  magnetic  body  is  magnetised  by  the  in- 
fluence of  a  magnetic  field,  and  the  intenfity  of  the  field  is 
reduced  to  zero,  the  demagnetisation  of  tlie  body  will  not 
be  complete. 

This  lagging  behind  of  the  demagnetisation  is  called 
hysteresis.  It  is  due  to  the  coercive  force,  a  property  of  a 
magnetic  body  which  tends  to  preserve  its  magnetisation 
when  once  acquired. 
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105.  Electric  induction  in  a  magnetic  Geld. — When  a 
metallic  circuit  is  placed  in  a  magnetic  field  it  is  traversed 
by  an  electric  current  whenever  the  Hux  of  magnetic  force 
through  the  circuit  varies  (65).  The  time  during  which 
the  current  passes  is  equal  to  the  duration  of  the  varia- 
tion in  the  flux  of  magnetic  force. 

The  electromotive   force  of  the  induced  current  de- 


d^ 

pends  on  -j-  the  rale  of  change  of  the  magnetic  flux  (6$). 


I  The  direction  of  ihc  induced  current  is  determined  by 
Len:^  law:  i.e.,  "the  direction  is  such  that  it  tends  to 
prevent  the  change  of  flux  which  causes  it," 

In  the  RuhnikorfT  coil  of  Fig.  12,  when  the  tnter- 
ruplor  1  suddenly  makes  contact,  the  primary  current  is 
establislied  with  great  rapidity,  and  the  magnetic  (\\ix  in 

e  core  quickly  atuins  its  maximum  value.  When  the 
circuit  is  broken  the  flux  rapidly  decreases  from  this 
maximum  value  to  zero. 

These  changes  of  magnetic  flux  induce  two  momentary 
urrents  in  the  secondar>'  circuit,  the  "make"  current  dur- 
ling  the  first  period,  and  the  "break"  current  during  the 
econd. 

Tile  duration,  electromotive  force,  strength  and  power  of 
these  currents  are  all  functions  of  llie  rale  of  change  of  tlie 
magnetic  flux.  They  depend  on  iltc  ratio  of  the  total  change 
in  the  flux,  to  (he  time  in  which  that  change  takes  place. 

to6.  Factors  determining  the  time  during  which  the 
induced  current  passes.— The  time  during  which  the 
flux  of  tnagiielic  force  varies,  on  making  or  breaking  the 
current  in  tlic  primary,  depcrid.«  on  several  complex  factors. 

When  the  primary  circuit  is  closed,  there  is  a  mag- 
netic flux  in  the  core  of  the  induction  coil,  the  lines  of  force 
being  of  the  forni  described  in  par.  lot.    Hiis  magnetic  flux 


ro 
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induces  a  currem  of  self-iitducttcn  in  the  primary  circuit  as 
well  as  an  induced  current  in  the  secondary  circuit. 

From  Ltt\:f  law  it  follows  that  Ihcsc  two  induced  currents 
will  tend  to  cause  a  flux  of  force  in  the  core  in  a  direction 
opposite  to  that  of  the  original  flux. 

We  require  lo  study  ihe  character  of  this  contrarj-  flux, 
in  order  to  estimate  the  retardation  it  will  cause  in  the 
primary  increase  of  magnetic  flax. 

When  die  [irimary  circuit  is  broken,  the  suf^ression  of  the 
magnetic  flux  induces  a  current  iu  both  circuits  in  the  same 
direction  as  the  current  in  the  primarj'.  This  induced  extra 
CHrreni  in  lite  primary  wtlt  spark  across  tlie  gap  of  the 
interruplor,  causing  the  spark  of  rupture  or  the  extra  cur- 
rtnt  spark. 

While  this  spnrk  is  passing  it  acts  as  a  conductor  across 
the  gap  of  the  interrupted  circuit,  thus  piolonging  the 
duration  of  break.  As  the  resistance  of  the  spark  is  un- 
known, it  is  impossible  to  know  how  the  magnetic  flux 
varies  during  its  passage. 

107.  Character  of  induced  currents. — In  order  to  un- 
derstand the  formiil.-e  which  apply  to  induced  currents,  we 
must  consider  several  factors. 

(i)  Factors  relating  lo  the  rlectrical  induction  produced 
in  a  conductor  by  a  ^rariable  magnetic  field. 

The  quantit)-  of  electricity  forced  round  the  circuit  is  pro- 
portional, directly  to  the  change  in  the  magnetic  flux  and 

4 ^1 

inversely  to  the  resistance  of  the  circuit ;      Q  =  — = — 

K 

♦  and  *'  being  the  value  of  the  flux  before  and  after  the 
change,  both  mensured  in  the  same  direction. 

The  electromotive  force  driving  the  electricity  through 
the  conductor  is  a  function  of  the  rate  of  change  of  the 


flux  of  force. 


__d* 
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The  intciuity  ot  the  current  ls  given  by  s  ,  and  therc- 


1  = 


Rdt 


p. 

H      These  three    fomnilx  express  algebraically   what  has 
already  been  stated  in  par.  io2. 

(2)  Factors  rehliHg  to  the  currfnt  indueed  in  one  circuit 
by  a  current  passing  through  a  neighbouring  circuit,  i.e.,  to 
the  fhenomenon  of  mutual  induction. 

The  induction  developed  in  a  straight  wire  by  a  cur- 
rent passing  through  another  \vire  parallel  to  it,  is  com* 
pletely  analogous  to  induction  caused  by  a  magnetic 
field.  This  will  be  readily  understood  when  we  realise  the 
identity  between  a  bar  magnet  and  a  solenoid,  and  then 
regard  the  straight  wires  as  a  portion  of  one  turn  of  the  coil. 
Let  I  be  the  intensity  of  the  primary  current  circulat- 
ing through  one  of  the  wires,  and  4  the  flux  of  magnetic 
^ft  force  intercepted  by  the  second  wire.     For  a  given  pair 

of  wires  tfie  ratio  zZ  will  be  constant.     In  other  words 
dl 

a  change  dl  in  the  primary  current  will  always  produce 

the  &amc  change  d«  in  the  intercepted  flux. 

d4 
This  ratio,   -r=- ,  is  the  caeiUctent  of  mntttal  mduction 

of  the  system  of  wires,  and  is  represented  by  the  symbol 


The  quantity  of  electricity  induced  in  the  second  cir- 
cuit  is  given  by ,  so  that  as  tlie  nux  changes 

from  zero  to  a  niaxinium  or  vice  versa,  the  quantity  of 

L„I 


electricity  induced  is  given  by        Q  = 
A  knowledge  of  the  coefficient  of  mutual  self-induction  ia 


R 
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of  great  importance  in  the  construction  of  induction  coiU. 
In  many  cases  this  coefficient  can  be  calculated  from  the 
dimensions  and  position  of  tlie  wires. 

For  two  parallel  wires  of  lengtli  I,  with  a  distance  d  be- 
tween them,  the  coefficient  of  mutual  induction  is  given  by 

For  two  equal  parallel  circles  of  radius  r,  separated  by  a 
distance  d 

L«  =  4,rflog^-4-'    r  — 245] 

For  two  concentric  coils,  the  external  coil  being  of  N 

tunis  and  length  1.  and  the  internal  coil  of  X'  turns  and  with 

a  sectional  area  S*. 

T      _  4'NN'S' 
^m  —  1 ' 

(3)  FadoTs  due  to  self-induction,  i.e.,  to  the  induced 
current  produced  in  a  circuit  by  changes  in  the  current  cir- 
culaling  in  that  circuit. 

The  coefficient  of  self-indnclion  L,  is  the  ratia  of  the 
variation  of  flux  intercepted  by  a  circuit  lo  the  variation  of 

intensity  of  the  inducing  current  in  tlial  circuit.  Li  =  ~ 

dX 
For  a  linear  conductor  of  Icngtli  1  and  radius  r 

L.  =  2l[log.^>_.75]. 

For  a  solenoid  of  length  I.  and  cross  section  S,  with  one 


layer  of  N  turns. 


u= 


4»-N'S 
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The  practical  unit  of  mutual  induction  and  of  self-induc- 
tion is  the  Henry,  whidi  is  equal  to  lo'  C.G.S.  units.  It  is 
the  induction  in  a  circuit  oi  which  the  induced  E.M.F.  is  i 
volt,  wlien  the  inducing  current  varies  at  the  rate  of  I  am- 
pere per  second. 
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108.  The  time  constsnt  of  an  induction  coil. — ^Thcrc 
is  on«  constant  of  s  RuhmkorfT  coil  which  nuHlica)  cl«c- 
tridans  will  find  of  great  importance.  Tliis  is  llie  lime  con' 
stant,  the  ratio  of  Oic  cocfficimt  of  sclf-tnduction  of  the 

primary  to  its  resistance  -^  .    Wlien  the  primary  circuit 

is  closed  the  self-induclion  in  the  primar}-  and  the  induced 
current  in  the  secondary  both  tend  to  oppose  the  increase  of 
the  magnetic  flux,  and  thus  delay  the  starting  of  the  induc- 
ii^  current.  Considering  only  iJie  retardation  due  to  svlf- 
inductioa,  we  can  dctcmiine  approximately  the  duration  of 
the  change  of  flux  during  "make."  For  this  purpose  we 
may  use  Helmholls'  fonnula  for  IJ,  tlie  strength  of  the  cur- 
rent at  a  time  after  the  closing  pf  the  circuit.* 

In  this  formula  R.  the  quotient  of  the  E.M.F.  by  the  re- 
sistance, gives  the  maximum  strength  of  the  current  when 
h  has  attained  2  steady  state. 

L,  is  the  coefficient  of  self-induction  of  the  primary  in 
Henrys,  t  ts  the  time  which  hast  elapsed  since  the  closure 
of  the  circuit,  and  e  is  2.7183,  the  base  of  tlie  Naperian  loga- 
rithms. 

From  this  formula  we  see  that  the  greater  the  coef- 
6ctent  of  self-induction  L«thc  smaller  will  be  the  term 

I  I e  —m I  An<l  therefore  the  greater  will  be  the 

time  required  by  the  current  to  reach  its  maximum 
value  ij  .    On  the  other  hand,  with  the  same  self-induc- 
tion, the  greater  the  resistance  R,  the  shorter  is  the  lime 
required  for  the  current  to  attain  its  maximum  value. 
'  Note.  For  further  details  K«  Hoipiulier,  Manuel  dc  VElectridea. 
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The  point  of  Iniporiance  is  that  (or  every  circuit  tliere  is 
a  certain  definite  time  required  for  the  current  to  increase 
from  zero  to  a  given  fraction  of  its  final  value,  and  this 
time  wili  always  be  tlic  same  whatever  the  final  value  of  llie 
current  employed  may  be. 

For  any  one  coil  tlieii  we  may  delcmiine  tlic  time  reqtiircd 
for  the  current  to  reach  i>  of  its  niaxiinunt  value ;  j  being 
any  fraction  we  choose.     The  fraction  used  in  practice  is 


when-j^  t  =  I. 


-6343,  for  this  i&  the  value  of 

For  a  given  induction  coil  thai,  the  question  resolves  itself 
into  this.  What  is  the  time  required  for  the  current  to  in- 
crease from  zero  lo  the  value  for  which 

l[.-r!']=lx-^- 


This  time  will 


since  it  is  the  value  for  which 


L.. 


This  value     -•  is  called  the  lime  eonslant  of  the 


109.  Forms  of  the  induced  current. — The  induced  cur- 
rent has  two  phases.  In  the  first  phase,  the  current  at  "make," 
it  is  in  the  opposite  direction  to  the  inducing  current :  in  the 
second,  the  current  at  "break,"  it  is  in  the  same  direction. 
(Lfrtj*  law.)  in  all  electric  transformers,  and  also  in  induc- 
tion coils,  the  electromotive  force  in  the  two  cotU  is  approxi- 
mately proportional  to  llie  number  of  turns  in  each  coil, 
[f  the  secondary  coil  has  500  turns  and  the  primary  coil  50 
turns,  the  induced  E-M.F.  will  be  approximately  10  times 
that  of  the  inducing  current. 

Fig.  14  shews  values  of  the  clcctixjmotivc  forces.  The 
thick  line  represents  the  E.M.F.  of  the  primary  current. 
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while  the  dotted  line  c  shows  that  of  the  induced  current. 
The  thin  line  a  is  the  E,M,F.  in  the  primary  due  to  self- 
induction. 


Fig.  14. 
Fig.  15  is  a  diagram  of  the  ordinary  faradic  current  on  a 
larger  scale.    It  differs  from  the  foregoing  in  the  length  of 


Fig.  IS 
time  during  which  the, primary  current  remains  constant. 
The  duration  of  this  period  increases  with  the  slowness  of 
vibration  of  the  interruptor. 

Large  coils  are  usually  furnished  with  condensers  to  sup- 
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press  the  extra  current  spark.  ( lo6.)  Wh«n  tlic  condcnsors 
are  used  there  occurs  in  the  primary  circuit,  at  the  moment 
of  break,  a  scries  of  synchronous  oscillations  of  period 
2w\/LC  (where  L  is  the  cocff.  of  self-induction  and  C  the 
capacity  of  llie  condensor).  Tliesc  oscillations,  which  rap- 
idly die  down,  arc  reproduced  in  the  secondary  circuiL 

III.  Technique  of  PsradiMkUon  for  the  Medical  Elcctriciin. 

1 10.  The  Induction  Coil. — The  induction  coils  cm- 
ployed  for  the  production  of  a  faradic  current  for  medical 
purposes  arc  of  the  type  represented  diagrammatically  in 
Fig.  12,  page  6.1- 

lliey  niay  be  driven  by  primary  cells  or  accumulators,  or 
from  the  electric  mains. 

Inordcr  to  avoid  ihc  production  of  Foiicault  currents  the 
solid  iron  core  is  usually  replaced  by  a  bundle  of  :roii  wire*. 

There  arc  various  forms  cf  interniptor  of  the  "ircmbler*' 
type  in  which  the  rale  uf  osciltation  can  be  r^;ulated  at 
will.  \\>  need  not  enter  into  further  details  of  their  con- 
struction. 

The  intensity  of  the  induced  current  may  be  regulated  in 
two  ways.  A  sledge  coil  may  be  used  in  which  tlie  sec- 
ondarj-  coil  slides  over  the  primary,  or  itii  adjustable  metal 
cylinder  may  be  employed  as  a  sliicld  between  the  two  coils. 

Wc  will  now  turn  our  attention  to  tlie  various  methods  of 
exciting  and  of  reguhltitg  the  induction  coit. 

111.  Mode  of  excitation  of  an  induction  coil. —  ft) 
Sprcial  batteries — Portable  Riihinkorff  coils  are  generally 
supplied  with  small  bidironiate  celli,  containing  a  liquid 
composed  of 

Potassium  bichromate lOO  grammes 

Sulphuric  acid aoo  grammes 

Water 8oo  grammes 

(a)  Gah'anie  Satleries. — It  is  not  advisable  to  use  the 
same  batteries  for  the  induction  ccwl  and  to  furnish  the  gal- 
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mic  cnrrcnt  for  medical  purposes.  It  will  be  found  v«y 
unsatisfactory  to  drive  llic  coil  by  the  current  from  a  few 
cells  of  the  galvanic  battery,  since  their  cjipacitv  is  but 
small,  and  it  is  well  to  avoid  using  the  cells  of  a  battery 
unequally.  If,  on  the  olher  band,  the  whole  number  of 
cells  is  used  and  the  current  cut  down  by  means  of  the  cur- 
rent-reducer, the  greater  portion  of  the  current  will  be 
wasted.  It  U  both  simpler  and  more  economical  to  employ  a 
special  battery  for  driving  tlie  coil. 

(3)  Accumtiialors. — Accumulators  are  well  adapled  for 

I  use  with  an  induction  coil.  Tlierc  is,  however,  tlic  incon- 
venience of  recharging  them,  and  even  an  accumulator  of 
small  capacity  is  of  considerable  tvdghL 

I  (4)  Baltery  of  Accumulators. — The  cwl  may  be  conve- 
niently driven  by  the  battery  of  accumulators  useil  for  sup- 
plying the  galvanic  current.  It  is,  however,  better  to  have 
two  batteries,  one  for  the  coil  and  the  other  to  supply  the 
galvanic  ctirrcnt.    TbcM  may  be  charged  at  the  same  time 

,  by  using  a  suitable  system  of  coimnulators. 

}  (5)  ContiHuoui  current  supply. — It  is  very  convenient  to 
drive  the  induction  coil  from  the  continuous  current  main. 
The  current  is  paswd  through  a  60-candlc  power  lamp,  or 
through  three  24-candlc  power  lamps  in  parallel.  The  cur* 
rent  then  passes  through  3  rheostat  of  2  to  $  ohms'  resist- 
ance, placed  in  parallel  with  the  induction  cwl.  This  ar- 
rangement is  that  of  the  potential  reducer ;  by  its  use  the 
extra  current  spark  i*  almost  entirely  suppressed. 

I      112.    Mode  of  regulating  the  faradic  current — The 
'  intensity  of  the  induced  current  is  regulated  by  altering  the 

strength  of  tlie  magnetic  field  inside  the  secondary  coil.  'Piis 

may  be  done  in  two  ways. 

(l)    By   employing  the  du   Boir-Reymond   sledge  coil. 

The  secondary  coil  can  slide  in  a  direction  parallel  to  its 
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axis,  so  as  to  surround  the  primary  coil  cither  partially  or 
entirely,  tliws  varying  the  intensity  of  the  magnetic  field 
within  the  coil. 

(a)  By  inserting  a  movable  metallic  cylinder  between  the 
two  coils.  In  this  cylinder  Foucault  currents  will  be  pro- 
duced, i.e.,  induccii  currents  which  arc  entirely  confined  to 
the  metal  cylinder  ilscU.  The  energy  absorbed  by  these 
trddy  currents  is  dissipated  as  heal.  By  interposing  such  a 
screen  between  the  coils  we  diniiiiitOi  the  magnetic  induclinn 
in  the  secondary.  The  induced  current  will  be  a  mintmum 
when  tlie  inner  coil  is  entirely  covered  by  the  screen. 

113.  Bcrgonic's  apparatus  for  rhythmic  faradisation.— 
Faradic  currents  are  employed  to  produce  a  son  of  muscular 
gymnasltcs  resembling  the  normal  physiological  contraction. 
When  the  faradic  current  is  suddenly  turned  on  it  is  found 
that  the  muscular  contiaction  is  more  forcible  tlian  volun- 
lary  contraction.  T\k  iimscle  thus  soon  becomes  fatigued 
if  the  application  is  prolonged  without  intermission.  Bff- 
gonie  has.  tlicrcfore.  deviseil  an  apparatus  which  produces  a 
faradic  current  which  will  not  cause  this  excessive  fatigue. 
The  current  gradually  increases  in  strength  up  to  a  given 
value,  remains  cnnstant  for  some  lime  at  that  value,  and 
then  gradually  decreases  again  to  zero.  This  process  is 
repeated  periodically. 

Tile  rhythmic  variations  arc  obtained  by  passing  the 
secondary  current  from  an  in<Iuction  coil  Uirough  a 
rotating  rheostat,  which  gradually  decreases  the  resis- 
tance in  the  circuit  from  infinity  to  a  given  minimum, 
keeps  it  at  the  minimum  value  for  a  certain  time,  and  then 
increases  it  again  to  infinity.  Another  method  may  be 
employed  for  the  same  purjiose :  wc  may  use  a  sledge 
coil  which  is  made  to  oscillate  backwards  and  forwards 
rhythmically. 
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114.  Watteville  currents.  Galvano-faradisation. — 
It  is  sometimes  desirable  to  combine  the  galvanic  with 
the  faradic  current.    This  may  be  done  by  introducing 


Fig.  16 

an  induction  coil  into  the  galvanic  circuit,  the  secondary 
circuit  of  the  coil  being  connected  in  series  with  the 
galvanic  circuit.    It  should  be  Joined  up  so  that  the 

I  A     B 
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Hg.  17. — A.B.  Terminals  of  utilisation. 
Position  I.  Faradic  current  only. 

"         2.  Galvanic  current  only. 

"        3.  Gal vano- faradic  current. 

principal  current,  the  current  of  break,  is  in  the  same 
direction  zs  the  galvanic  current;  the  positive  pole  of  the 
battery    being  connected   to   the   negative   pole   of   the 


CHAPTER  in. 
SINUSOIDAL  CURRENTS^UNDULATORY  CURRENTS. 

115.  Defiiiition. — When  a  metallic  circuit,  such  as  a 
Siemen's  coil  (67),  revolves  with  uniform  velocity  in  a 
magnetic  field,  the  current  collected  by  the  brushes  is 
sinusoidal,  i.e.,  the  intensity  of  the  current  is  proportional 
to  the  sine  of  the  angle  between  the  plane  of  the  coil  and 


Fig.  18. 
Sinusoidal  current. 


Fig.  19. 
UnduUtory  current. 


the  line  of  commutation  (67).  A  similar  current  which 
docs  not  change  in  direction  is  called  an  undulating  cur- 
rent. 

The  nature  of  these  currents  will  be  more  readily 
grasped  if  the  following  simple  method  of  producing 
them  is  studied. 

In  Fig.  20,  £  is  a  tube  filled  with  water,  with  two  elec- 
trodes, P  and  N,  one  at  the  top  and  the  other  at  the  bot- 
tom of  the  tube,  which  are  connected  to  a  battery. 

a  and  b  are  another  pair  of  electrodes,  one  of  which, 
a,  is  fixed,  while  the  other,  b,  is  moved  up  and  down  by 
an  insulated  rod  T,  attached  to  an  eccentric  B,  moved 
by  the  wheel  R. 
6 
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In  the  first  place  Ift  a  be  placed  midway  between  P] 
and  N,  and  level  willi  the  iiiiildle  point  of  b's  pat)i.j 
Since  the  fall  of  potential  between  P  and  N  is  UDiforTn,^ 
it  is  evident  that  the  difference  of  potential  between  a  audi 
6  will  be  approximately  proporticmal  lo  the  sine  of  a,  ihe ' 
angle  which  tlie  ciaiik  mo^'ing  B  inal;es  with  tlie  horizontal. 


r=C\. 
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Fig.  20. — mp  =  utilization. 

The  difFcrenw  of  potential  between  a  and  b  will  also 
be  o£  tlie  same  sign  as  the  sine  of  the  angle  w.  since  when 
b  and  a  arc  in  the  same  horizontal  plane,  their  polarity 
will  be  reversed.  .At  that  jwint  sine  « =  0,  and  in 
next  quadrant  the  sign  of  sine  u  will  he  reversed. 

If  now  we  depress  a,  so  as  lo  be  level  with  the  lowes 
point  reached  by  fr,  the  form  of  the  current  will  be  tli^ 
same,  the  ordinates  being  approximately  proportional 


mrvsonutL  akh  trmrtATMY  cukukts 


BS 


■sine  (m  +  K),  where  K  is  a  constant  depending  on  the  posi- 
tion oE  a. 

In  the  first  position  ol  a  wc  get  an  alternating  sinusoidal 
Fcurrent ;  in  the  second  position  wc  gel  an  uiidirecttoaal  un- 
dulatory  current. 

These  currents  were  first  introduced  into  medicine  by 
fJ'rof.  d'Arsonval. 

Il6.    Generators  of  sinusoidal  and  undulatory  currents. 

— Sinusoida]  an<l  undulatory  currents  niay  be  o1>tained  by 

means  of  apparatus  with  a  variable  resistance,  working  on 

[the  principle  described  above   (115).     They  may  also  be 

[proclucetl  hy  the  use  of  Lfdnc's  oscillating  rheostat,  but  as  » 

rule  roapncto-clectric  macliines  or  dynamos  are  used,  such  as 

those  designed  by  Bergonie  and  ^Arsonval.     BergoHte's 

imacliinc  consists  of  a  double  hexagon  of  fixed  coils,  between 

iwhich  revolves  a  double  hexagon  of  movable  coils. 

In  the  dynamo  designetl  by  <FArsoni>al  a  Gramme  ring  is 
used  (G,  Fig.  21 ).  This  lias  on  one  side  the  collector  brushes 

F   F* 
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Fig-  3!. 

BB'.  and  on  the  other  two  metallic  rings,  one  of  which  is 
connected  to  each  half  of  the  Gramme  ring.    These  brushes 
.are  in  contact  with  the  springs  FF". 
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When  the  armature  revolves  between  the  poles  of  (he  ex- 
citing cleclro-iiLifjncl  NS,  a  sinusoidal  current  is  collcotcd  by 
the  springs  Fl'",  an<l  a  continuous  current  by  the  brushes 
BB'.  By  using  one  brusli  and  one  spring  an  undulatory 
current  may  \k  obtained  between  B  and  F'. 

1 17.  Regulation  oi  sinusoidal  and  oscillatory  currents. 
— In  thcVse  of  sinusoidal  and  oscillatory  currents  two  ad- 
justments have  to  be  made ;  for  the  frcquenc>'  and  for  tltc 
voltage. 

(t)  The  frequency  is  regulated  by  the  velocity  of  rota- 
tion of  the  dynamo  or  oscillating  rheostat. 

(2)  The  niaxtniuiii  voliiige  may  be  rt-gulatcd  by  varying 
the  current  in  the  clcctro-magntt  and  thus  changing  the 
intensity  of  the  magnrtic  field.  When  an  oscillating  rheostat 
or  potential  reducer  is  used  ttic  intensity  of  the  primary 
current  may  be  reduced  by  increasing  the  resistance  in  the 
circuit, 

118.  Measurement  of  sinusoidal  and  undulatory  cur- 
rents.— Tlie  measurements  of  a  sinusoidal  current  con- 
sists in  determining  its  periodicity,  intensity  and  E.M.F. 

(1)  The  periodicity  T  is  the  time  required  for  one 
complete  revolution  of  the  dynamo.  Tlie  reciprocal  of  the 
periodicity  is  the  frequency,  the  number  of  revolutions  per 
unit  lime. 

The  frequency  is  measured  by  3  speed  indicator,  which 
marks  n  the  number  of  revolutions  in  a  given  time  t.    Trom 

this  the  periodicity  T  may  be  calculated,  since,  -—  =  =-• 

(2)  The  determination  of  the  E.M.F.  and  intensity  of 
the  current  involves  several  different  mcasurcmcnl*.  There 
will  be  a  maximum  E.M.F.  and  a  maximum  intensity,  a 
minimum  E.M.F,  and  intensity,  and  an  average  E.M.F.  and 
intensity. 

For  a  sinusoidal  current  the  mathematical  average 
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sliould  be  zero.    In  practice,  however,  we  take  tlie  average 
(or  cacl]  sonipcriotl  separately. 

From  a  medical  point  of  view  the  quantities  most  neces* 
sary  are  tlie  rfficieiit  intensity  of  current  and  the  efficicKt 
E.AJ.F.  The  value  of  these  two  tjiiantities  is  found  by  mul- 
tiplying the  respective  maximum  values  by  — —     or    .707. 

1  Efficient  E.M.F.=  -^maxiimim  E.M.F. 

^H   Efficient  current  = maximum  current. 

^^  An  idiostatic  electrometer  may  be  used  to  measure  tlw 
E.M.F.  A  knowledge  of  this  quantity,  however,  is  of  little 
practical  importance.  On  the  other  hand  it  is  of  the  (^'eatcst 
importance  for  us  to  know  the  intensity  of  the  efficient  cur- 
rent. A  sinusoidal  current  may  be  measured  by  means  of 
^Km  clectrodynamomclcr  or  universal  milliampcremeter.  In 
^^his  instrument  tlte  index  is  attached  to  a  movable  coil  ro- 
tating inside  a  fixed  coil.  The  direction  of  the  deviation  is 
thus  always  the  same  whatever  the  direction  of  the  current, 
since  the  pjiasc  of  current  cliange^  simultaneously  in  both 
ooiU.     This  instrument  gives  the  efficient  intensity  of  tlie 


current. 


10 
The  maximum  intensity  is  about  —  of  this. 


^H  119.  The  Graph  of  a  low  frequency  alternating  cur- 
^Beot. — One  of  the  most  interesting  of  pltysical  inslru- 
^BdchU  is  the  recording  current  indicator,  which  traces  the 
^porm  of  the  current  curve.     In  such  a  curve  tlic  abscissae 

give  the  time,  while  the  ordinates  show  either  the  current 
^^ntensity  or  the  difTerencc  of  potential. 
^H    These  actual  records  of  current  variations  arc  of  the  great- 
^ftst  interest.    For  further  detaiU  of  tlic  conslnictioii  of  the 
^"apparatus  wc  must  refer  the  reader  to  3  paper  by  Btondel, 

in  the  "Revue  Ginirale  d€S  Sciences  Pures  el  AppUquie^' 

of  July  15,  1901. 
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We  will  describe  the  original  model  d«vi&ed  by  ^Arson- 
val  ioT  his  physiological  experiments  on  the  "curve  of  exci- 
tation," or  curve  of  the  variable  electrical  state  on  which 
physiological  excitation  depends. 

120.  D'Arsonval's  apparatus  for  determining  the 
excitation  curve  or  diagram  of  the  variable  state  of  low 
frequency  alternating  currents. —  D'Arsonvats  apparatus 
consists  of  a  powerful  electro-magnet  producing  an  annular 
magnetic  field.  Within  lliis  field  is  placed  a  li^ht  movable 
coil,  the  turns  of  which  are  merely  cemented  together  with 
shellac.  The  current  to  be  studied  passes  through  this  coil, 
which  M'ill  dip  more  or  less  into  the  magnetic  field  according 
to  the  intensity  and  direction  of  the  current.  The  coil  is 
supported  on  the  membrane  of  a  manomctric  capsule,  and 
the  oscillations  of  the  coil  are  thus  transmitted  to  an  air 
drum  whicli,  in  its  turn,  carries  the  style  which  records  them 
on  the  revolving  cylinder.  By  this  means  we  can  obtain  a 
graphic  record  of  the  duration  and  intensity  of  any  electric 
w.ivc  of  low  periodicity. 

With  very  nipid  oscillations  the  inertia  of  the  recording 
apparatus  impairs  the  accuracy  of  the  curve.  D'Arsonz-al, 
therefore,  replaced  it  by  an  optical  diagram.  A  ray  of 
light  (alls  on  a  small  concave  mirror,  attached  to  the  mem- 
brane  midway  between  the  centre  and  the  circumference. 
The  oscillating  spot  of  light  is  received  cm  a  screen,  and  if 
the  whole  system  is  rotated  about  an  axis  so  as  to  cause  a 
displacement  of  the  spot  perpendicular  to  the  oscillation,  the 
current  curve  will  be  depicted  on  the  screen.  i 

121.  The    08cillograph.^Two     improvements     have  I 
been  introduced  into  the  modern  oscillograph.    TIic  inertia 
of  the  system  ha»  been  reduced,  and  the  self-induction  intro- 
duced  into  the  circuit  by  the  instrument  it&eif  has  been 
diminished. 

Id  If  mr*  bifilar  instrument  the  current  passe*  through 
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two  parallel  wires  which  oscillate  between  the  poles  of  the 
magnet.  The  motion  of  the  wires  is  rendered  apparent  by 
the  movement  of  a  mirror  attached  to  them. 

In  Blondefs  soft  iron  oscillograph  the  current  passes 
through  two  smalt  coils,  one  on  each  side  of  the  interpolar 
space.  A  bar  of  soft  iron,  carrying  a  mirror,  oscillates  be- 
tween the  two  coils. 

A  ray  of  light  reflected  by  this  mirror  falls  on  a  second 
mirror,  oscillating  at  right  angles  to  the  first.  In  this  way 
we  can  depict  variations  of  a  current  alternating  as  often  as 
250  times  per  second. 

We  must  always  make  a  correction  for  the  self-induction 
of  the  instrument,  except  in  the  bifilar  type  where  the  co- 
efficient of  self-induction  is  practically  nil.  When  the  curve 
of  potential  difference  is  required  the  exciting  coils  are  used 
as  voltmeters,  and  their  coefficient  of  self-induction  being 
then  much  larger  cannot  be  neglected.  For  further  details 
we  must  refer  the  reader  to  the  paper  bjr  Bhndel  quoted 
above. 


CHAPTER  JV. 

HIGH  FREQUENCY  CURRENTS. 

I.    General  Coniidcratioiu. 

122.  Hi^  Frequency.  The  special  physiological 
properties  of  the  high  frequency  currents  introduced  by 
Prof.  d'Arsonval  place  them  in  the  front  rank  of  therapeu- 
tic agents.  They  are  alternating  currents  whose  direction 
is  reversed  over  a  million  times  per  second. 

With  the  phonic  wheel  designed  by  Sieur  we  can  get  as 
many  as  ten  thousand  alternations  per  second.  The  phys* 
iological  effects  of  such  a  current  differ  from  those  of  an 
ordinary  alternating  current  of  low  frequency,  hut  we  must 
increase  the  oscillations  to  a  million  or  even  a  thousand 
million  per  second  before  we  get  what  is  generally  under- 
stood by  "high  frequency."  The  period  of  such  a  current 
is  of  the  order  of  a  millionth  to  a  thousand  millionth  of  a 
second.  The  wave  length  is  therefore  a  millionth  or  a  thou- 
sand millionth  of  300,000  kilometres;  since  300,000  kilo- 
metres per  second  is  the  velocity  of  high  frequency  waves, 
of  light  waves,  of  X-rays,  and  of  all  transverse  vibrations 
of  the  ether.  This  wave  length  of  from  300  metres  to  30 
cm.  or  even  less,  brings  the  high  frequency  undulations  into 
relation  with  the  luminous  waves.  They  prolong  the  scale 
uf  wave  lengths  at  the  infra-red  end  of  the  spectrum  just  as 
X-rays  seem  to  prolong  it  at  the  ultra-violet  end. 

II.    Production  of  High  Frequency  Cuirents. 

123.  Production  of  the  High  Frequency  Currents. — 
Herts   first    observed    that    high    frequency    currents    are 
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generated  by  the  disruptive  discharge  of  a  cOndensor  in 

a  circuit  whose  resistance  is  less  than      f  ih. ;  L  being  the 

coefficient  of  self-induction  of  the  circuit  and  C  the  capacity 
of  llie  coodensor. 


Fie-  22. 


Fig.  23  represents  the  form  of  these  oscillations,  which  die 
down  witli  great  rapidity.  Their  period  is  given  by 
T  =  2-gy/  LC.  Any  reduction  in  C,  tlie  capacity  of  the 
condenser,  or  L.  the  self-induction  of  the  circuit,  diminishes 
the  time  of  oscillation,  and  therefore  the  wave  length  of  lh« 
radiations.  In  Hert:^  detonator  tlie  capacity  is  very  small. 
Wlien  L  and  C  are  both  large,  very  long  waves  can  be 
obtained. 

124.  Choice  of  a  Condenjor  for  High  Frequency  Cur- 
rents— TeMa  employed  a  single  Leyden  jar  for  obtaining 
'ligh  frequency  discharges;  the  usual  arrangement,  that  em- 
!oyed  by  iFArsonval,  is  shown  in  Fig.  23. 

The  inner  coatings  of  two  Leydcn  jars,  BB",  arc  connected 
to  the  rhcophores  of  an  induction  coil  P.  A  *patk  gap  AA' 
i<  inserted  between  Ihese  jars.  Ttie  outer  coalings  of  the 
Leyden  jars  arc  connected  togctltcr  by  a  coil  of  copper  wire 
CC  having  a  large  coefBcient  of  self- induction. 


I»econie  incandescent  alM,       i.  ■ 


The  spark  gap  should  be  endOMd  in  a  box  or  thick 
to  diminish  tbc  ooise  ss  raocfa  as  posabte. 

125.  Electrical  Sovte  for  W^  Fnqatocf , 
— Any  source  o[  h^  Ustaioo  eieexridtf  nuv  be  tned,  baC  m 
iaductioa  coil  or  an  altcnathig  dnrait  transfofner  is  nora 
convenient  than  a  static  machtnc 

For  higti  freqttency  work  cotls  giving  lO-inch  to  iS-ioch 
ipaiks  arc  required.  These  are  stqiplied  with  special  inter- 
nipiors,  hai-ing  a  coodentor  to  wippress  the  "break"  spuk 
in  the  iiitemiptor.  Socb  condensors  are  tndtfpemaUe  for 
large  coils,  except  when  H'ehmell's  dectrolytic  iotemtptor 
is  emplo>-cd.  Tb^  are  gcoenUy  placed  inside  the  stand  of 
the  coil. 

136.  Interruptors. — ^Two  types  of  intemiptors  may  be 
empIoye<i  for  large  ctrils;  mechankal  and  clcctrohtic- 

127.     Mechaoical    interruptors. — Mechanical  interrap- 
I  tors  may  be  subdivided  into  several  groups. 

{ 1 )  Those  in  which  the  break  is  made  between  two  metal 
surfaces,  as  in  the  old  form  of  trembler  or  in  the  improved 
form  of  platinum  break  attached  to  large  coils. 

If  the  break  occurs  sharply  when  the  hammer  is  moving 

with  the  greatest  velocity  and  not  at  the  end  of  its  path,  as 

I  in  Charpcntitj^s  atonic  inlerruptor,  it  will  work  satisfactorily 

in  air.     In  RaJiguefs  intermjitor  Ihc  two  copper  surfaces 

of  contact  arc  imtnersei]  in  petroleum. 

(3)  In  the  second  class  of  interruptors  a  metal  rod  is  im- 
mersed in  a  ve$<iel  of  nierctiry,  with  a  layer  of  alcdiol  or 
petroleum  covering  its  surface. 

A  vertical  up-and-down  motion  is  imparted  to  the  metal- 
lic rod  by  means  of  a  rotary  motor,  or  by  the  electrically  sus- 
tained vibration  of  a  tuning  fork.  Almost  every  electrical 
instnuncnt  maker  has  his  own  form  of  interruptor.  For 
working  from  an  alternating  current  yUlartTs  interruptor 
it  very  convenient.    (55.) 
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{3)  The  tlitrd  class  consists  of  mercury  interruptt 
FurlhcT  dcicriptions  of  the  niititerotis  forms  of  these  instru-' 
merits  may  he  found  in  the  catalogue  of  any  instrument 
maker.    Any  one  of  them  is  suitable  for  the  production  of 
high  fre<]ucncy  currents. 

128.  Electrolytic  tnterrupton.  IVehnett's  electrolytic 
break  consists  of  a  vessel  filled  with  a  ten  per  cent  solution 
of  lI,SO,,  A  i)Ulimiiii  wiie.  itirrounded  by  a  glass  tube, 
except  just  at  the  tip,  dips  into  this  solution  and  is  connected 
to  the  positive  lead  of  an  electrical  source,  giving  a  pressure 
of  I  lo  volts. 

An  electrode  of  some  m«tal  such  as  lead,  which  is  not 
attacked  by  tlic  acid,  is  immersed  in  another  part  of  the 
ves-sel.  When  the  current  passes  the  water  is  decomposed, 
and  this  is  accompanied  by  an  evolution  of  heat  whicli  sets 
up  the  phenomenon  known  a»  calrfaclion.  The  bubbles  of 
oxygen  collected  roimd  the  heated  plalinum  point  form  a 
non-conducting  sheath  which  interrupts  the  circuit.  Tlic 
moment  the  current  is  arrested  the  bubbles  cease  to  fonn, 
contact  is  ma<tc  between  the  liquid  and  the  wire,  and  the 
current  passes  once  more. 

The  current  may  be  regulated  by  altering  the  length  of 
platinum  wire  in  contact  with  the  water,  or  a  rheostat  may  be 
introduced  into  the  circuit,  (t'f/iMf/i'j  interruptor  may  also 
be  used  wilh  accumulators,  but  in  that  case  a  very  large  cur- 
rent is  required  and  the  electrolyte  should  be  warmed. 

The  compcsilion  of  the  electrolyte  and  the  arrangement 
of  the  electrodes  has  been  modified  by  different  makers.    A' 
condenser  is  not  required   for  the  induction  coil  when  a 
Wehnclt  interruptor  is  used. 

The  self-induction  of  the  primary  should  be  less  with  an 
electrolytic  interruptor  than  wilh  the  slower  mechanical  in- 
terrupters. The  Ie*«  the  coeflRcient  of  self-induction  of  the 
primary,  the  less  will  be  the  difference  between  the  make  and 
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break  currents  in  the  secondary.  It  is  the  self-inditcticm 
which  retards  th«  current  of  m^e  and  enforces  the  current 
of  break  in  the  primary.  Ttte  ordinary-  induction  coil  has  an 
average  coefHcient  of  self-inditction  which  will  allow  of  its 
being  used  with  either  form  of  interniptor. 

Coils  are  also  made  with  variable  self-induction,  the  pri- 
mary consisting  of  two  separate  coils,  as  in  titc  tia<iigui'l 
induction  coil  of  igoi.  These  arc  much  to  be  preferred  for 
medical  use. 

129.  Current  uansformers  for  high  frequency  cur- 
rents.— An  alternating  current  supply  may  be  used 
directly  for  the  production  of  high  frequency  currents.  The 
original  arrangement  lias  been  niiKh  improved  lately  by  the 
apparatus  designed  by  Metsrs.  Coiffe.  A  transformer  with 
closed  magnetic  circuit  is  employed  to  raise  the  potential 
from  no  voits  to  15,000  volts.  This  high  tension  alter- 
nating current  can  then  be  used  directly  to  charge  the  high 
frequency  condensers. 

We  only  require  to  convey  just  sufticieni  charge  to  the 
condensor  to  cause  a  spark  to  pass  across  tlie  detonator  gap, 
and  therefore  if  one  wave  of  tlic  alternating  current  brings 
nifiideni  electricity  al  a  jiotentiAl  high  enough  to  reach  this 
limit,  we  shall  get  a  spark  for  evcr>'  wave  or  semi-period. 

With  the  alternating  ctirrent  supplied  to  Paris  this  wouUl 
mean  84  discharges  p^-r  second.  In  practice  we  generally 
get  more  than  one  spark  per  wave,  since  the  capacity  of  the 
Ley<!cn  jars  is  small  compared  to  the  charge  of  each  phase 
of  the  alternating  current. 

This  arrangcntcnt  has  two  disadvantages.  A  permanent 
arc  is  often  established  between  the  knobs  of  the  spark  gap 
unless  some  moans  are  adopted  to  suppress  it.  Tlie  most 
eflkacious  of  the  devices  designed  for  this  purpose  is  to 
blow  oTit  the  arc  by  a  cin-renl  of  air.  The  second  d^^■alIva^- 
tage  is  tliat  the  wares  of  higli  frequency  are  reflected  back- 


94 


PAKT  I— aiAFm  IT 


wards  info  the  secondary  circuit,  and  injure  the  tranaformer. 
This  makes  it  impossible  to  employ  a  higher  pressure  than 
i5,oc»  volts,  which  is  insufficient  to  yield  results  that  are 
really  satisfactory. 

At  Prof.  d'Arsonval's  suggestion  Messrs.  GaifFe,  of  Paria, 
have  lately  devised  an  instrument  far  in  advance  of  anything 
obtainable  before.  The  principal  improvement  is  the  em- 
ployment of  a  special  apparatus  which  prevents  this  badc- 
ward  flow  of  the  high  frequency  waves.  > 

In  Fig.  24,  SS'  is  the  secondary  of  a  transformer  capable 
of  raising  the  potential  of  the  current  supplied  by  tiie  alter- 
nating current  mains  from  no  volts  to  60,000  volts.  LL' 
are  Leyden  jars  whose  inner  coatings  are  connected  with 


SS'.    A  spark  gap  E  is  interposed  in  this  circuit.    The  outer 
coatings  of  the  Leyden  jars  are  connected  to  a  self-inductioB 
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coil  H.  The  condrasor  C  and  tlic  liquid  resistance  RR'  arc 
designed  to  prevent  the  return  of  higti  frequency  waves  to 
the  coil.  These  would  subject  the  contiguous  spirals  of  the 
secondar>'  to  difTcrcnces  of  polenlia]  greater  llian  the  in- 
sulating material  can  stand,  and  the  insulation  would  be 
injured.  The  liquid  resistances  RR'.  each  of  about  150.000 
ohms,  arc  introduced  in  the  Iea<U  between  the  coil  and  the 
I^cyden  jars.  A  multiple  plate  condenHM*  C  is  pbced  in 
parallel  witli  these  resistances. 

The  chief  purpose  of  the  liquid  resistances  is  to  avoid  the 
fonnation  of  an  arc,  while  the  condensor  prevents  the  return 
of  the  high  frequency  waves. 

This  apparatus  is  equally  suitable  for  high  frequency  and 
for  X-rar  work,  and  is  a  real  advance  in  the  construction  of 
apparatus  for  medical  purposes. 

I IL— Employment  ot  high  frequency  curtenta. 

130.  Methods  of  employing  High  Frequency  Currents. 
High  frequency  currents  nwy  either  be  employed  directly  by 
allowing  ihe  current  to  pass  through  the  body  as  described 
in  paragraph  131,  or  by  d'Arsoitt-al's  auto-conduction  meth- 
od, in  which  the  enormous  inductive  force  of  the  high  frc- 
quency  current  is  used  to  induce  auto-conduction  currents 
in  ihc  human  body.  ' 

High  frequency  currents  may  also  be  utilised  for  cffleuva- 
lion.  Tlus  is  done  by  inducing  similar  currents  in  a  neigh- 
bouring circuit:  these  ctirrcnts  will  have  an  augmented  po- 
tential due  (o  the  effects  of  resonance  in  the  circuits.  ( 138.) 

131.  Direct  application. — If  we  attach  a  rhcophore 
to  each  end  of  tlic  sc-ii-iikduction  coil  in  d' Arsonz'oi' i  appa- 
ratus, and  connect  these  to  a  body  of  high  resistance,  the 
high  frequency  current  will  pass  through  the  body  in  pref 
erencc  to  going  through  tlie  coil,  in  consequence  of  the  large 
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resisunce  to  oscillating  currents  offered  by  the  self-induction 
of  the  latter. 

Thus  if  the  patient's  body  is  placed  in  parallel  with  the 
self-induction  coil  the  high  frcqucnc>-  currents  will  pass 
through  it,  while  the  coil  will  act  ss  a  sort  of  lightning  con- 
ductor, offering  an  alternative  route  to  the  currents  o(  low 
frequency,  which  will  pass  by  preference  through  the  \cts 
resisting  metallic  conductor. 

Direct  applications  of  high  frequency  currents  may  be 
stabile  or  labiU.  They  arc  called  stabile  when  the  electrodes* 
cither  bare  or  covered  with  wet  cloth,  are  applied  firmly  to 
one  spot.  When,  on  the  contrary,  the  electrodes  are  con- 
stantly moved  from  place  to  place  over  the  region  to  be 
treated  the  application  is  said  to  be  labile. 

Another  melhod  of  direct  application  of  high  frequency 
currents  is  the  so-called  elteirificotion  by  condfiisation,  in 
which  one  end  only  of  the  coi!  is  connected  to  the  patient. 
For  this  purpose  a  couch  is  used  having  an  insulated  mat- 
tress, under  which  is  a  lar^  sheet  of  lead.  This  is  con- 
nected to  one  end  of  a  d'Arsonval  helix. 

The  patient,  placed  on  tlic  couch,  holds  in  his  hand  an 
electrode  connected  to  the  other  end  of  the  helix.  A  con- 
dcnsor  is  thus  formed,  in  which  the  mattress  is  the  dielectric 
and  the  lead  sheet  and  the  patient  form  the  two  armatures. 
This  condensor  is  charged  and  discharged  with  every  alter- 
nation of  the  current. 

The  precise  interpretation  of  the  phenomena  of  high  fre- 
quency condensation  is  not  as  yet  satisfactorily  explained. 

132.  Auto-conduction,  d'Arsonval's  method.  —  .\ny 
conductor  placed  within  an  enveloping  high  frequency  cir- 
cuit becomes  the  scat  of  currents  of  auto-conduction  .limilar 
to  Foucault  currents. 

These  currents  of  auto-conduction  may  be  demonstrated 
by  forming  an  electric  circuit  with  a  lamp  and  a  coil  of  wire, 
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and  placing  this  within  a  lat^c  d'Arsonval  solenoid.    The 
Ump  will  become  incandescent  when  ilie  higli  frequency 

Pmt  is  turned  on. 
irrents  of  auto-conduction  in  the  living  body  may  be 
mstratcd  by  bending  (he  arms  in  a  circle  concentric  with 
ligh  frequency  circuit  and  holding  a  lamp  of  low  voltage 
een  the  two  hands.    Tlic  experiment  will  be  more  suc- 
cessful if  the  hands  have  been  previously  dipped  in  a  slightly 
alkaline  solution  of  sal  ammoniac.     The  lamp  will  glow 
when  high  frequency  current.s  arc  passed. 
H    In  practise  treatment  by  means  of  auto-conduction  is 
^given  in  two  wa;-s: — 

(i)  By  placing  the  patient  inside  d'Arsonval's  targe  sole- 
noid made  of  thick  copper  wire  or  copper  ribbon.  The  oscil- 
lating currents  caused  by  the  diitcharge  of  t)ie  condensor 
traverse  the  whole  length  of  this  coil. 

(2)   By  placing  the  patient  between  two  flat  spirals  which 
wound  in  ihe  same  direction  and  traversed  by  high  fre- 
quency currents  passing  in  the  same  direction.    {138.) 

133.  Oudtn's  Resonator. — We  may  increase  the  poten- 
^of  high  frequency  currents  by  means  of  a  resonator, 

■  arc  of  two  kinds,  single  pole  resonators  and  resonators 
with  two  pc^es. 

There  arc  two  varieties  of  single  pole  resonators — the 
helix  and  the  flat  spiral. 

There  are  three  varieties  of  bipolar  resonators — the 
itArsonval  helix,  the  Oudin  resonator  as  modified  by  O'Far- 
rill.  Lebeilly  and  Rochef^rl,  and  the  flat  spiral  resonator. 

134.  Oudin's  unipolar  resonator. — Oudin's  first  reson- 
ator was  formed  of  a  helix  of  copper  wire,  a  point  near 
one  end  of  which  was  connected  to  one  extremity  of  a 
d'Arson\-aI  coil.  (124.)  The  efReiivcs  were  given  off  from 
tlie  opposite  extremity  of  the  resonator. 


Piff.  as-Otidin's  unipolar  tam, 


n.S?  ^"£P^"-d-     This  is  the  fom  .1.„ 


L/ejrdai  jvs  circulates  thnMi^  three  or  foar  of  the  lowest 
ccmIs.  Pbenomena  btxb  of  mdpctioo  aod  of  rrfP**'*!*  rcNlt; 
induction  effects  doc  to  the  influeoce  of  tiw  iowrt  eoflc  an 
the  upper  portico  of  the  hdJx.  and  resoosDce  effects  m  Ac 
tipper  portioo. 

This  phaionKDOO  of  reiiifonaneat  u  called  iiwwiiiii 
from  its  analog  with  acounic  reionince,  atooe  the  quaodtj 
of  the  effleuye  may  be  increased  bjr  ttunng  the  bdtx  to  eom- 
spood  with  the  exciting  ooiL  Tins  »  done  by  hIjiiiiwil  its 
coefficient  of  sclf-indoctiop. 

135.     Guilleminot's  Sit  spirals  for  high  frcqttency. — In- 


Fig.  36 — CailleminM'i  high  frequency  spiral. 

_    Stead  of  a  helix  we  may  use  a  flat  spiral.'    The  author's  form 
of  spiral  resonator  ts  so  constructed  thai  iJic  excitation  is 

>  H.  Guilteminoi,  Ardiira  d'dcctrichj  MMicale.  tfni.  No.  367' 
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caused  by  a  single  turn,  the  outer  one.  which  acts  as  the 
inducing  spiral. 

In  practise  the  adjustment  i$  not  made  by  altering  the 
coefficient  of  self-induction  of  the  inducing  spiral.  This  is 
kept  constant  an<!  a  subsidiary  toil  of  thick  wir<r,  with  an 
apparatus  for  regulating  its  self-induction,  is  introduced  into 
the  exciting  circuit.' 

The  spiral  is  formed  of  l8  turns  of  wire.  3  mm.  thick, 
held  in  place  by  radii  of  catgut.  The  smallest  circle  has  a 
diameter  of  33  cm.,  and  the  largest  a  diameter  of  83  cm. 
The  interspaces  between  successive  turns  increase  in  width 
towards  the  periphery,  since  here  the  difference  of  potential 
between  successive  turns  is  much  greater.  The  various  forms 


FSUL  7j. — The  <!'  Arsonval   resonator  coiL 

of  exciter  used  in  applying  high  frequency  currents  in  medi- 
cine arc  attached  to  the  centre  of  the  spiral. 

136.  Bipolar  resonators — The  d*  Arsonval  coil. — ^Thc 
d'Arsonval  coil  consists  of  a  helix  of  fine  wire  wound  on  a 

*  H.  Guitkminoi,  Academic  dc«  Kienccs,  igo2. 
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cylinder  which  carries  the  induced  current.  Around  this  at 
a  distance  of  several  centimetres  are  three  or  four  turns  of 
thick  wire,  which  can  be  moved  along  the  cylinder  so  as  to 
be  placed  at  either  end  or  in  the  middle  of  the  fine-wire 
helix. 

Suppose  the  thick  coils  to  be  placed  around  the  middle  of 
the  cylinder,  as  in  Fig.  ^.    Efdeuves  of  equal  strength  will 


Fig.  36.— Bipolar  retonstor,  O'Farril  and  Lcbailly  type. 

be  given  off  from  both  ends  of  the  helix,  and  these  will 
mutually  attract  each  other. 
This  is  tenned  the  bipolar  effleuve.   At  any  given  moment 
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lot  the  inducing  current,  we  get  the  O'Farril  »n<J 
LtbaiUy  ^pe  of  resonator,  which  is  merely  an  Oudin 
resonaitor  excited  by  means  of  it»  own  median  coils.     Fig. 


If  wc  duplicate  the  resonator  in  the  above  type  we  get 
the  RochefoTt  resonator;  Fig.  29  is  not  an  exact  repre- 
sentation of  Rockefort's  arrangement,  since  Ite  uses  two 
pair  of  condcn.<iont.  one  for  each  solenoid,  but  it  shows 
clearly  the  relationship  between  this  and  the  previous 
types. 

Different  effects  arc  obtained  according  to  the  direc- 
tion of  the  discharge  in  the  inducing  coils. 

If  B  be  the  positive  and  B'  tlie  negative  armature  of 
the  condcnsors,  bipolar  cOleuves  will  be  obLained  only 
when  the  current  from  B  enters  the  first  helix  at  the 
median  point  C.  and  leaves  it  at  the  extremity,  whilst  it 
enters  the  second  tielix  at  the  extremity  and  leaves  at  the 
median  point  C 

U  the  positive  armature  were  connected  to  the  extrem- 
ities of  both  coils,  or  to  the  median  points  of  both  coils, 
the  resulting  effleuvcs  would  repel  and  not  attract  one 
another. 

138.  Bipolar  eflSeuves  obtaitted  from  flat  spirals. — 
Spiral  resonators  arc  belter  adapted  for  studying  bipolar 
effects.  In  this  case  we  have  to  take  into  account  the 
mode  of  coupling  the  spirals  and  the  mutual  influence  of 
One  spiral  on  its  neighbour. 

(i)     Bipolar    effects   obtained   by   coupling.     In    the. 
high  frequency  condcnsors,  wc  may  consider  the  direc- 
tion o(  the  discharge  to  be  from  the  external  positive 
armature   of   one   condcnsor    to   the   external    negative 
armature  of  the  other  condenser. 

Wc  get  a  bipolar  cffleuve  of  opposite  signs  when  this 
current  is  made  to  pass  ccntripctally  through  one  spiral 
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and  ccntrifugaliy  tbrougb  the  other.  U  the  effieuvc  pro- 
ducing poles  of  the  two  spirals  are  now  connected,  the 
effleiivation  will  cea&e. 

Eflleuvcs  of  the  same  sign  will  be  obtained  from  both 
poles  if  the  current  circulates  centripetatly  in  both  spirals, 
or  centrifugallj-  in  both.  If  now  the  two  cffleuve  pro- 
ducing poles  arc  connected,  the  efHeuves  are  not  neutral- 
ised but  reinforce  one  another. 

(2)  Bipolar  effects  may  also  be  obtained  by  the  in- 
fluence of  one  spiral  on  another  in  its  neighbourhood  if 


Pig.  3a— Guilleminoi's  spira]   n^oostor    Inverse  coupUng  tor 
olKaining  bipolarity. 


we  connect  only  one  spiral  in  the  cotidensor  circuit,  and 
place  another  insulated  spiral  opposite  to  it.  When  the 
current  passes  through  the  &rsi  spiral,  the  central  pole  of 
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the  insulated  spiral  will  give  out  etHeuves  of  the  same  sign 
if  ils  windings  are  in  ihe  wine  direction,  and  efilcuvcs  of 
opponle  sign  if  its  windings  are  in  tlie  opposite  direction. 

There  are  several  ways  of  u^ing  flat  spirals  for  mcdi- 
cal  purpoi<c9. 

(i)  Uif  of  two  spirttlt  to  gizt  a  bipolar  dHttnx  (Fig. 
30). — Place  the  two  spirals  parallel,  so  that  one  sfnral 
is  right  handed  and  the  Other  left  handed. 

Connect  A'B'.  the  outer  extremities  of  the  spirals,  to 
LL'.  the  external  coatings  of  the  two  L«ydcn  jars,  and 
connect  the  two  median  points  together  by  a  flexible 
-wire.  Tbcs«  median  points  A"  B"  mark  the  boundary 
of  &e  inducing  and  induced  currents  and  are  at  the  com- 
pktioa  of  the  first  turn  of  tlie  spiral. 

(2)  ArrattRcment  of  hvo  s/nrals  to  produce  dHeuves  from 
a  body  interposed  betuxftt  them. — Place  the  Iwo  spirals  par- 
allel to  each  other  with  tlicir  windings  in  the  same  direc- 
tion. 

Connect  the  terminal  of  one  condcnsor  with  the  outer 
extremity  of  the  first  spiral ;  connect  the  median  point  of 
the  first  spiral  with  the  outer  extremity  of  the  second 
spiral :  connect  the  median  point  of  the  second  spiral  with 
the  terminal  of  the  second  condcnsor. 

With  this  arrangement  the  eflfleuves  will  repel  each  other, 
but  an  object  placed  between  them  will  pour  cffleuvcs  to- 
wards both  spirals. 

(3)  Employment  of  two  fUtt  spirals  for  outo-conduction. 
The  two  spirals  wound  in  the  same  direction  are  arranged 
as  before,  but  instead  of  only  one  turn,  8  to  12  turns  of  the 
spiral  are  made  use  of  for  the  inducing  current 

Under  these  circumstances  there  arc  no  cffleuves,  but 
intense  auto-conduction  effects  arc  produced  in  any  body 
of  sufficient  capacity  interposed  between  the  terminals. 

139.    High    frequency    electrodes    or    exciters. — The 
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form  of  exciter  used  dep«nds  on  (lie  kind  of  high  fre- 
quency treatment  required, 

1.  Direct  application. — For  this  purpose  uncovered  metal 
electrodes  arc  used,  llieiic  tnny  be  of  various  shapes, 
plates,  buttons,  cylindrical  handles,  or  the  special  conical 
electrodes  devised  by  Dottmer. 

2.  Direct  appUcatiQit  with  the  interpositicn  of  a  sheet  of 
glass. — For  this  the  so-called  condensing  electrodes  of  Oiidin 
are  used. 

3.  Sparking. — When  it  is  desired  to  produce  sparks  blunt 
points  or  balls  are  used. 

4.  Efiteuz'olioti. — The  most  suitable  exciters  for  producing 
cfHeuves  are  the  metallic  pencil,  the  brush,  the  multiple- 
point,  the  cup,  or  other  electrode  with  an  extended  dis- 
charging surface. 

140.  Measurement  of  High  Frequnecy  Currents. — ' 
High  frequency  currents  may  be  measured  by  means  of 
the  thermic  galvanometer.  Since  the  current  is  an  alter- 
nating one  we  can  only  measure  the  efficient  intensity. 
i.e.,  the  intensity  of  3  continuous  current  which  would  give 
the  same  thermal  effects. 

The  thennic  galvanometer  is  an  instrument  for  meas- 
uring the  elongation  of  a  wire,  due  to  the  heating  effect 
of  the  current  which  passes  through  it. 

We  may  also  use  the  induction  amperemeter  devised 
by  Goiffe  and  Mcylan.  This  measures  the  repulsive  force 
between  the  original  current  and  the  current  which  it 
induces  m  a  coil  attached  to  the  indicator.  * 

The  thermic  galvanometer  i.s  placed  in  series  in  the 
circuit.  It  is  the  only  type  in  practical  use.  It  is  only 
employed  when  we  aic  using  the  direct  application  of 
high  frequency  currents;  for  antOHX)nduction  no  instru- 
ment for  measuring  the  current  is  of  any  practical  value. 

>  Dinoyes.      hts  couranis  <lc  luiuic  frequence,  Montpclicr. 
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CHAPTER  V. 

STATIC  ELECTRICITY. 
I.    QenCRl  Concidendoni. 


141.  Definition. — The  fact  that  under  the  influence  of 
friction  certain  substances,  such  as  amber,  will  attract 
hght  bodies,  was  known  to  the  ancient  Greek:*. 

Resin,  glass  and  many  other  substances  possess  this 
property,  which  may  even  be  observed  in  metals,  pro- 
vided that  they  are  suitably  supported  by  a  handle  of  glass 
or  other  insulating  material.  If,  however,  ihcy  are 
touched  with  a  wire  connected  to  earth,  metals  at  once 
kise  this  property  of  attraction. 

Bodies  like  amber,  resin,  glass,  or  insulated  metal  arc 
said  to  be  eleetriHed  by  tlie  friction,  and  lh«  electricity 
which  remains  on  the  body  is  termed  slaiic  electricity.  The 
phenomenon  which  takes  place  along  Ihe  metal  wire  con- 
nected to  earth  is  an  exhibition  of  dynamic  electricity.  If  by 
some  mcms  the  electrified  body  could  have  its  electric 
charge  replaced  as  fast  as  it  was  removed  by  the  wire  con- 
nected to  earth,  we  should  have  a  constant  electric  cur- 
rent along  that  wire.  A  body  charge*!  with  electricity 
may  be  compared  to  a  reservoir  full  of  water  having  no 
outlet,  while  the  electric  current  corresponds  to  the  flow 
of  water  through  the  conduit  pipes. 

A  body  chained  with  electricity  has  certain  mechanical 
properties,  the  manifestation  of  which  leaves  its  electric 
mass  unaltered.  An  electric  current,  on  the  other  hand, 
has  properties  due  to  the  transmission  of  a  charge  or 
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perturbation.  The  phenomena  occurring  in  the  neighbour- 
hood of  a  body  possessing  a  fixed  sutic  charge  of  electricity 
will  be  dtfTereut  from  those  produced  by  the  traosmissiou 
of  tbe  electric  state  from  one  puint  to  another. 

Bodies  whicli,  like  amber,  glass  and  resin,  remain 
charged  with  electricity  «ven  when  connected  to  earth, 
arc  called  insulalOTS,  dielectrics,  or  non-conduclors.  Bodie* 
which,  like  metals,  can  only  be  charged  when  placed  on  an 
■nsolatii^  support  are  called  conductors. 

The  most  conspicuous  property  of  electrified  bodies  is 
their  ability  lo  attract  other  light  bodies  until  they  come 
into  contact  with  them,  and  then  to  repel  Uiem.  A  body 
thus  repelled  by  electrified  glass  will  be  attracted  by  elec- 
trified resin.  This  phenomenon,  which  was  early  ob- 
served, led  to  the  supposition  that  there  were  two  sorts 
of  electricit>',  the  vitreous  or  positive  elcctricit>',  and  the 
resinous  or  negative  electricity. 

Two  bodies  charged  with  electricity  of  the  same  sort 
repel  each  other.  If  charged  with  opposite  kinds  of 
electricity  they  attract  each  otlicr. 

It  was  from  the  study  of  static  electricity,  the  earliest 
form  discovered,  that  the  electric  fluid  hypothesis  was  de- 
duced. The  neutral  fluid  with  which  all  bodies  are 
diarged  was  held  to  be  decomposed  by  friction  into  equal 
quantities  of  positive  and  negative  electrical  fluids, 

142.  Fundamental  properties  of  electrified  bodies. — 
Tlic  properties  of  electrified  bodies  may  be  considered 
under  two  headings. 

(1)  Mechanical  action. — Consisting  of  the  mutual  at- 
traction and  repulsion  of  electrified  bodies. 

(2)  The  inductive  action  of  electrified  bodies  on  other 
bodies  in  their  vicinity.  This  is  termed  electrostatic  in- 
duction. 

14^    Medianical  action. — From  the  medical  point  of 


view  the  mechanical  action  of  electrified  bodies  is  of  but 
little  interest.  Since,  however,  it  forms  the  basis  ol  most 
systems  of  measurement,  it  is  necessary  to  be  acquainted 
with  its  fundamental  principles. 

Two  bodies  charged  with  electricity  of  the  same  sign, 
whether  positive  or  negative,  repel  each  other  with  a 
force  F,  which  is  proportional  to  the  quantities  of  elec- 
tricity q  and  q'  on  the  two  bodies,  and  inversely  propor- 
tional to  the  square  of  the  distance  d,  between  the  two 
bodies.     {Coulomb's  law.) 

^-'  d» 

f  is  a  cocfTtcient  dependent  on  tlic  medium  in  which 
the  bodies  arc  placed.    In  air  or  vacuo  f  is  equal  to  unity. 

Consider  two  equal  quantities  of  electricity  of  the  same 
8'g">  i^  =  <l*)  placed  on  two  small  bodies  whose  centres 
arc  I  cm.  apart.  We  say  that  these  bodies  are  charged  with 
unit  quantity  of  electricity,  if  I",  the  repulsive  force  be- 
tween them,  is  i  dyne,  the  bodies  being  in  air  or  vacuo  so 
that  f  =  I. 

In  Uie  electrostatic  system  of  measurement,  therefore, 
the  unit  of  quantity  of  electricity  is  derived  from  tbe 
mechanical  action  of  electric  forces.  It  is  the  quantity  of 
electricity  which,  when  placed  at  unit  distance  from  an 
equal  quantity  of  the  same  sign,  repels  it  with  unit  force- 

I44.  Electrosadc  induction. — An  electrified  body 
creates  around  it  an  electric  field,  i.^.  a  space  throughout 
which  the  effects  of  the  electric  forces  due  to  the  presence 
of  the  electrified  body  may  be  observed. 

Every  body  placed  in  an  electric  field  becomes  electri- 
fied by  induction.  In  the  two  fluid  theory  this  is  ex- 
plained by  supposing  that  in  an  electric  field,  the  neutral 
fluid  is  decomposed  into  equal  quantities  of  two  electric 
Suids  of  opposite  signs.    The  fluid  of  the  same  sign  will 
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pUce  itself  as  far  as  possible  from  the  inducing  body, 
whereas  Ibc  fiuid  of  opposite  sign,  being  attracted  by  it, 
will  place  itself  on  the  side  nearest  to  the  inducing  body. 
When  the  electric  &c!d  is  removed,  the  two  tluidft  rccora* 
bine  and  the  body  resumes  its  neutral  state. 

I£  the  induced  body  be  connected  to  earth,  the  elec- 
tricity of  the  same  »ign  as  the  inducing  body  flows  to 
«arth,  and  the  induced  body  remains  chained  with  dec- 
triciiy  of  the  opposite  sign. 

If  the  contact  with  earth  be  broken,  and  the  electric 
field  afterwards  removed,  th«  induced  charge  will  be  re- 
tained, and  will  spread  over  the  whole  surface  of  the  in- 
duced body. 

The  attraction  of  light  bodies  by  an  electrified  rod 
may  be  readily  explained  by  the^e  facts.  If  any  light 
insulated  body  be  placed  in  an  electric  field,  ihe  charge  of 
oppasite  sign  induced  on  it  will  be  nearer  the  diarged 
body  than  the  charge  of  tho  same  sign.  Hence,  the  at- 
tractive force  will  be  greater  than  the  repulsive  force,  since 
the  quantities  of  electricity  of  citlicr  sign  are  equal  and  the 
force  varies  inversely  as  the  square  of  the  distance.  If 
the  light  body  be  uninsulated,  it  will  possess  an  induced 
charge  of  opposite  sign  only  and  the  attractive  force 
between  the  two  bodies  will  he  proportionately  greater. 

When  the  light  body  comes  into  contact  with  the 
charged  body,  its  induced  charge  neutralizes  a  portion  of 
the  original  charge.  On  contact,  it  will  take  a  portion  of 
the  original  charge,  and  since  the  two  bodies  have  now 
charges  of  the  same  sign  Ihcy  will  repel  one  another. 

145.  Laws  of  electrostatic  induction. — T.  When  a 
charged  body  is  completely  surrounded  by  a  conductor, 
the  total  charge  induced  on  the  inner  surface  of  that  con- 
ductor is  equal  and  opposite  to  the  charge  on  the  in- 
ducing body,  whatever  the  distance  between  the  charged 
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body  and  the  conductor.  An  equal  chaise  of  the  same 
sign  as  the  inducing  charge  will  be  spread  over  the  ex- 
terna) surface  of  the  enveloping  conduclor.  If  now  the 
conductor  be  connected  to  earth,  this  latter  charge  dis- 
appears and  only  t)ie  internal  opposite  charge  remains. 

II.  When  an  electrified  body  is  surrounded  by  a  con- 
ductor connected  tu  earth,  there  is  no  external  electric 
lield  due  to  the  system.  This  results  from  the  equal  and 
opposite  values  of  the  inducing  and  induced  charges. 

If  the  conductor  only  partially  surrounds  the  charged 
body,  it  will  ne\'ertheless  act  as  an  electric  screen.  A 
wire  gauze  is  a  very  efficient  electric  screen.  An  alumi- 
nium plate  connected  to  earth  is  often  placed  in  front  of  a 
focus  tube,  in  order  to  shield  the  area  under  examination 
from  the  electric  field  due  to  the  focus  tube.  The  plate 
must  not  be  insulated,  since  in  that  case  the  similar 
charge  induced  on  the  further  side  of  the  plate  would 
create  a  fresh  electric  field. 

146.  Distribution  of  the  electric  charge  on  a  con- 
ductor.— Surface  density. — ^The  electric  charge  is  con- 
fined to  the  external  surface  of  a  conductor.  Thus  a  hol- 
low sphere,  when  electrified,  shows  no  trace  of  electri- 
fication on  its  internal  surface. 

The  surface  density  a  at  any  point,  is  the  quantity  of 

electricity  on  unit  area  of  surface  at  that  point ;  "^c" 

The  electric  density  is  the  same  at  all  points  on  the  surface 
of  an  electrified  sphere,  insulated  in  space  and  protected 
from  all  external  electrical  influences.  It  is  variable  over 
the  surface  of  non-spherical  conductors.  On  an  ellipsoid, 
for  example,  tl)e  surface  density  at  tlie  extremity  of  two 
axes  is  proportional  to  the  length  of  these  axes. 

if  we  take  two  given  points  on  a  conductor  the  ratio  be- 
twecn  their  surface  densities  is  a  constant,  so  that  if  now  we 
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<lcnble  th«  charge  on  the  coaductor  we  shall  dotible  the 
density  at  both  points. 

147.  The  equilibrial  layer. — If  at  every  point  on  a 
chained  conductor  wt  draw  a  normal  whose  length  is 
proportional  to  the  electric  density  at  that  point,  we  hhall 
corelop  the  condiiaor  by  a  surface  termal  the  cquili- 
brial  layer.  Ii  is  a  representation  of  tlie  manner  in  which 
the  electric  fluid,  if  materialised,  woald  be  spread  over  the 
surface  of  the  conductor. 

In  investigating  the  influence  of  an  elcctri6cd  conductor 
on  external  chat^ea,  the  solution  depends  on  determining  the 
magnitude  and  direction  of  the  attractive  and  repulsive 
forces  between  the  external  diarge  and  e%'ery  element  of 
surface  of  the  charged  conductor,  the  forces  being  propor- 
tional directly  to  the  electric  mass  and  inversely  to  the 
square  of  the  distance. 

In  the  case  of  a  sphere,  the  action  of  the  electric  charge 
on  its  surface  is  the  same  as  if  the  whole  charge  were  col- 
lected at  the  centre  of  the  sphere. 

The  resultant  action  of  the  charge  on  any  point  within  the 
sphere  is  zero.  The  electric  forces  at  any  point  can.  there- 
fore, be  easily  calculated  for  a  spherical  condtKtor. 

148.  Electrostatic  pressure. — An  electrified  conductor 
behaves  as  if  every  particle  of  the  electric  fluid  exerted  a 
repulsive  force  on  every  otlwr  particle.  Tlic  resultant  of 
these  repulsive  forces  at  any  point  is  called  the  cUctrostalic 
pressure  at  that  point,  and  is  normal  to  the  surface  of  the 
conductor. 

If  the  material  atoms  of  the  conductor  were  not  bound 
together  by  cohesion  ihey  would  yield  to  this  electro- 
static  pressure  and  the  body  would  expand.  This  phe- 
nomenon may  be  observed  when  a  soap  bubble  is  elec- 
trified :  it  increases  in  size  as  the  charge  on  it  is  increased. 
Elearostatic  pressure  thus  acts  in  the  opposite  direction 
to  atmospheric  pressure. 
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The  electrostatic  pressure  over  the  surface  of  a  con- 
ductor varies  with  the  surface  density  of  the  charge. 
Lord  Kelvin  lias  showQ  that  it  is  proportional  to  the  square 
of  that  density. 

t49u  Discharge  of  electricity  from  a  point — A  point 
may  be  considered  as  the  extremity  of  the  major  axis  of  a 
much  elongated  ellifUKiid.  The  ratio  of  ihe  long  (o  the  stiort 
axis  in  this  case  being  \cry  targe,  the  electric  density  at  the 
point,  and  consequently  the  electrostatic  pressure  at  the 
point,  will  be  indctiniiely  increased.  In  fact  this  pressure 
becomes  so  great  that  there  is  an  exodus  of  electricity  from 
the  pmnt. 

The  aigrette  and  electric  breece  from  a  static  machine 
are  due  to  the  badly  conducting  molecules  of  air  being  vio- 
lently driven  away  from  a  pointed  conductor  by  the  electric 
discharge. 

The  phenomena  due  to  sparks,  aigrettes,  the  electric  arc. 
etc.,  are  further  described  in  par,  171. 

150.  The  Electrostatic  field. — Lines  of  force. — Flux  of 
Force. — Imagine  a  unit  mass  of  positive  electricity  M, 
placed  in  the  vicinity  of  a  contluctor  charged  with  static 
electricity.  Each  clement  of  the  electric  layer  around  Ihe 
conductor  will  have  its  separate  action  on  the  mass  of  elec- 
tricity M.  The  resultant  of  all  these  separate  forces  it 
called  the  electric  force  at  Ihe  paint  M. 

Any  space  within  which  electric  force  is  exercised  is 
called  an  eUclrMlalic  field. 

A  line  of  force  is  a  line  drawn  in  an  electric  field  to  show 
the  direction  of  the  electric  force  at  any  point  in  that  6eld. 
or,  since  the  line  of  force  m-iy  he  a  curve,  it  is  more  correct 
10  say  that  the  tangent  to  the  Xv\^  of  fore*  at  any  point 
shows  the  direction  of  the  electric  force  at  that  point. 

If  a  conductor  be  placed  in  an  electrostatic  field,  each  ele- 
ment of  its  surface  dS  will  intercept  a  certain  number  of 
Imes  of  force. 
8 
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If  dS  ii  aocaal  to  Ac  Sks  of  fane,  tte  pradoct  FdS  u 
aBMed  t&e  ilv  tf  fmtf.  F  hd^  te  dteirii:  force  it  thai 
peiBC.  II  4S  A  adHe4  la  ite  taes  of  borc,  die  flux  of 
tone  is  FdSas  jt  «faB  x  »  te  '"^  vludi  the  tioes 
crffcwii  ■*!  widiiheaag-imhewrfKgdS. 

151.  Prrtric  iwwiiii^Tbe  word  pot— till  as  an  ad- 
ieanettoiiaMBdasgBiadsiaK.   To  anr  dm  a  body 

OtESUl   ^Kl{y  is   GO  SaT   dst   IB    its   tnrBIIDK 

It  pooBt^cs  a  cxftan  ston  of  hidden  euogy 
vltt^B  tf  oot  Mi  ^TVwSoe  at  tsv  onBCBC*  DOi  vncb  is  c^piMc 
ty  tome  artifice  oi  being  traMSoenwd  iaut  woric. 

In  viitne  of  the  pnadfile  d{  the  taucrratioe  of  cDei^, 
a  bodj  can  oalj  peaieai  potePtul  enet^  if  (Jib  toagf  has 
been  aocamdialed  bnr  woek  pceviot:^  doae  on  the  body, 
wbich  woik  (BB  be  afterwards  piren  op  bjr  the  bodj-.  Po- 
tentbl  eaerigr  is  tben  the  eqmrakitt  of  work  docie — for- 
OMT  won  vnen  produced  an  f*^""t*"**"**  of  eoci^gy  to 
the  body,  and  fotm  woifc  whkli  win  be  mantiested  by  the 
Iftcrattoa  of  the  p"tr*'Ki1  energy  and  its  csmversioa  into 
effective  cacrgy. 

As  a  subitamiTC  tbe  word  potential  has  a  ntore  definite 
meaning,  wMdi  b  not  confined  to  efeetrieity. 

Tbe  idea  of  umrcrsa]  graiitation  formulated  by  yewtan 
implies  the  idea  of  a  gravitational  potential,  ju5t  as  the  laws 
of  electric  diarf^  demand  an  electric  potential  Electric 
potential  may  e^cn  come  in  time  to  be  regarded  as  a  special 
form  of  graviiaiional  potential. 

Electric  potcniia]  i»  usually  defined  by  comparison : — 
DifFcrcncc  of  potential  bein^  analogous  to  difference  of 
level  in  hydrostatics. 

It  is.  however,  better  to  seek  the  true  definition  of  abso- 
lute potential  at  once,  even  if  the  idea  is  more  difficult 
to  gra^p.  The  conception  of  potential  is  easier  to  realize 
in  electrosuiics  tlian  in  electrodynamics. 


•TAiK  nxowcmr 


118 


Consider  an  uncharged  conductor  isolated  in  space. 
{ Let  a  unit  charge  of  electricity  be  brotight  up  to  it  from 
a  distance,  and  let  this  operation  be  repeated  again  and 
again. 

At  each  repetition,  the  charge  on  the  condtictor  will  bfi 
incrcated  by  unity,  and  at  the  same  time  the  surface  den* 
sity  of  the  electricity  on  the  conductor  will  increase,  and 
with  it  the  electrostatic  pressure. 

Each  time  a  unit  charge  is  brought  up  to  the  conductor 
the  force  of  repulsion  between  it  and  the  electric  charge 
on  the  conductor  will  increase,  and  the  work  done  in 
bringing  any  one  unit  to  the  conductor  will  therefore  be 
greater  than  that  required  for  the  preceding  unit. 

On  the  other  hand,  if  a  unit  electric  mass  leaves  the 
conductor,  it  will  be  repelled  with  greater  force  when  the 
conductor  is  more  highly  charged,  and  therefore  will  be 
capable  of  doing  more  work. 

The  greater  the  charge  on  a  body,  the  greater  is  the 
work  required  to  add  unit  charge  to  that  body. 

The  greater  the  charge  on  a  body,  the  greater  the 
energy  rendered  available  when  that  body  loses  unit 
charge. 

Electric  potential  is  merely  the  expression  of  this  work; 
the  work  locked  tip  when  the  conductor  was  charged,  and 
liberated  during  the  discharge  of  the  conductor.  The 
potential  of  a  given  conductor  therefore  increases  with  its 
charge. 

The  result  will  be  the  same  if  the  conductor  diminishes  in 
site  while  the  charge  remains  constant ;  tlic  repulsive  force 
of  ihc  electric  elements  for  each  other  and  for  the  unit 
charge  will  be  increased.  It  is  this  which  leads  to  the  con- 
ception of  capacity  when  dealing  with  eondensors. 

T52.  Expcnmental  definition  of  potential. — The  theo- 
retical definition  of  potential  given  above  givc-s  a  precise  idet 
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of  iu  tme  attnre.  The  potential  of  a  body  a  the  worfc 
done  in  "*'?*">  tmit  duip  to  that  body. 

Aa  CKperiincnl  nay  be^  •>  to  realise  better  this  idea  of 
potential. 

We  may  take  a  metal  sptiere  ■  cm.  in  radtas  mounted  or 
an  mtnhlrrt  baodle.  If  ii  is  btoogfat  into  contact  with  dtf- 
fertnC  poiots  of  aa  dectrifod  conductor  of  irregular  shape 
we  stnQ  find  that  the  charge  which  it  takes  op  is  3lwa}-s  the 


Consider  now  two  spberes  of  different  sizes,  both  charged 
with  equal  quantitie*  of  electridtr.  The  testing  ball  will 
pick  up  a  different  chai^,  according  as  it  is  brought  into 
contact  with  the  large  or  with  the  small  ckctrificd  sphere. 

The  6rst  experiment  shews  that  the  charge  picked  up  by 
tiie  testing  ball  is  not  a  function  of  the  surface  densit>-. 
ance  this  varies  at  different  points  on  the  surface  of  a  con- 
densor. 

Tbe  second  experiment  shews  that  the  charge  picked  up 
by  the  testing  bail  is  not  a  function  of  the  quantity  of  elec- 
tricity, since  this  quantity  was  equal  on  the  two  ^ercs. 
and  yet  the  amounu  collected  were  unequal 

The  amount  of  electricit)-  collected  from  a  condijctor  is 
a  function  of  the  electric  slate  of  tlie  conductor. 

Potential  is  thus  often  defined  as  the  electric  state  of  a 
conductor,  but  tJiis  is  only  substituting  one  word  for  an- 
other.  ■ 

If  we  lake  an  electrified  conductor  of  irregular  shajw  and 
connect  some  point  of  it  to  a  gold  leaf  electroscope  by  means 
of  a  wire,  the  deviation  of  tbe  leaves  will  be  the  same  what-  ■ 
tver  p«Mnt  i.i  touched  by  the  wire. 

If  the  charge  of  electricity  on  (he  condensor  is  doubled 
tbe  deviation  of  the  leaves  will  shew  a  corresponding  in-  ■ 
crease,  which  is  again  tlie  same  whatever  point  on  the  con- 
ductor is  touched  by  the  wire.    If  the  conductor  is  con- 
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'  liected  to  earth,  and  then  SubmilteiJ  to  the  action  of  an  elec- 
trified body,  the  gold  leaver  will  not  tiMve. 

If  we  lake  two  bodice,  each  of  which  causes  the  same 
deviation  of  the  clc<:tru>cijpe.  and  join  liicm  by  a  wire,  there 
I  is  no  passage  of  electricity  along  tlie  wire.    The  electric 
state  of  each  of  the  bodies  remains  unaltered. 

If,  however,  the  electric  state  uf  one  body  is  higher  than 
,  that  of  t3>e  other,  i.e.,  if  it  had  a  greater  potential,  then  when 
the  two  arc  joined  there  will  be  a  passage  of  electricity  from 
the  body  at  high  potential  to  the  body  at  low  potential. 

There  will  be  a  transference  of  electricity,  and  the  force 
causing  ihc  motion,  the  electromotive  force,  is  proportional 
to  the  difference  of  potential  between  the  two  b^^'dics. 

153.  Potential  at  the  surface  of  a  conductor. — Equipo- 
tential  surfaces. — .\n  equipotential  surface,  like  the  sur- 
face level  of  a  liquid,  is  a  .lurface  in  which  all  points  have  the 
same  potential.  If  any  two  points  on  such  a  surface  be 
connected  by  a  conductor,  there  will  be  no  flow  of  electricity 
along  the  conductor. 

The  surface  of  a  conductor  must  necessarily  be  an  equi- 
potential  surface.  If  it  were  not  so  electricit>-  would  flow 
along  the  conductor  from  one  point  to  amtber  until  the 
potential  was  equalised. 

154.  Potential  as  a  function  of  electric  mass. — When 
I  a  system  of  electric  charges  acts  on  an  external  point  tlie 
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action  of  these  electric  masses  may  be  compoimded.  and 
replaced  by  a  single  resultant  force  with  a  single  point  of 
application.  Therefore  in  studying  llie  effect  of  a  system 
electric  masses  m,  m'.  m"  ...  on  an  extcnial  body,  such 
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IS  a  unit  de«tnc  durgc  pUced  outside  a  conductor,  we  may 
repbcc  Ibem  by  a  single  mass  M,  acting  at  a  point  which  is 
called  the  centre  of  action,  or  tentre  of  application  of  tlie 
iMulfaul  force. 

L«  M  (Fig.  31)  be  the  centre  of  action  of  a  system  of 
charges  spread  over  a  surface  of  any  shape,  and  M*  a  unit 
etectric  charge  placed  at  a  coasidcrable  distance,  jr. 

What  will  be  the  work  rtquired  to  move  M*  from  its 
present  position  to  some  o«her  point.  A?  This  amount  of 
work  will  be  an  expresstoo  for  the  difference  of  potential 
betwen  the  points  M'  and  A. 

Let  ^I'  move  tlirough  a  small  distance  Ix.  If  &r  be  small 
enough  the  repulsive  force  F  between  M  and  M*  iimy  be  re- 
garded as  constant  throughout  8jr.  The  work  done  during 
Uiis  elementary  displacement  will  therefore  be  Vtx. 

MM' 


From  Coulomb's  law  F  =  • 


or  since  M'  is  unity, 
between  M' 


M 
F:=--5.    If  we  integrate  the   work  done 

and  A  we  get,  when  the  distance  M  A  =  R , 

W  =  M(i.-i-). 

This  is  the  same  expression  a*  that  to  which  in  gravi- 
tational phenomena  Crten  gave  the  name  of  "difference 
of  potential"  due  to  the  displacement  of  a  mass  M  from 
A  to  M'. 

If  X  =  CO,  i.fc,  if  M'  is  supposed  infinitely  distant,  we  get 

^~  R 

This  is  the  expression  for  the  "potential  at  infinity"  or 

absolute  potential  as  a  function  of  the  electric  mass. 

The  potential  at  tlic  point  A.  or  the  work  necessary  to 
bring  unit  electric  mass  from  infinity  to  a  distance  R  from 

the  centre  of  action  of  a  charge  M,  is  therefore  equal  to  jr 


ii 


K 


» 


1^ 


tbe  quotient  of  the  electric  charge  Al  by  tlie  distance  R. 

Tbe  above  definition  still  holds  good  when  A  is  a  point 
« the  surface  of  a  sphere,  on  whidi  are  situated  tlie  charges 
m,  ni ,  tn  . 

The  potential  of  the  surface  of  the  sphere  will  be  the 
quotient  of  the  total  charge  q  by  the  distance,  which  in  this 
case  will  equal  the  radius  of  the  sphere.    Th«  potential  at 

the  surface  of  a  sphere  is,  therefore,   given  by  V=    ** 

where  m  +  m'  +  m"  +  . .  =  q . 

More  generally,  if  A  is  situated  on  the  surface  of  any 
conductor  having  a  charge  q,  the  potential  of  that  conductor, 
or  the  work  required  to  add  to  it  one  unit  of  electricity  wilt 

be  given  by  ~,  R  being  a  quantity  which  is  termed  the 

opacity  of  the  conductor.  This  quantity  R  is  of  dimensions 
L). 

155.  Potential  energy  of  a  conductor. — As  we  have 
just  seen,  tlic  potential  of  a  conductor  is  the  work  required 
to  increase  its  charge  by  unitj*.  If  wc  add  all  tlie  quantities 
of  work  which  have  been  done  in  placing  cadi  elemental 
charge  on  the  conductor  we  shall  get  tlie  total  work  done 
b  charging  it,  and  this  will  be  the  total  potential  energy 
Stored  in  the  conductor. 

Imagine  a  sphere  or  radius  r,  and  charge  q.  Its  poten- 
tial is  given  by  V  =;  -3-. 

The  work  done  in  adding  a  small  quantity  dq,  to  tbe 

arge  q  on  the  sphere,  will  be  V.dq  =  ^-^,  and  the 

charge  will  be  q  +  dq. 
If  wc  add  another  dq  to  the  charge,  the  work  required 

^llbe^a±Miaandsoon. 

r 

Kepeating  this  process  until  the  charge  q  has  bee 


I 
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increased  to  q'.  we  find  by  integration  tliat  the  total  work 

doneUW=A^±5Z^3L 
2r 
If  we  surt  with  an  uncharged  body,  (q  =  o)  the  work 

done  in  giving  the  sphere  a  charge  q"  ia  W  =  3!^  , 

The  work  required  to  give  a  conductor  of  capacity  r, 
a  charge  q.  is  therefort  the  square  of  the  charge,  divided  by 

twice  tlic  capacity,  or -3-.    This    is    the    total    potential 

energy  accumulated  in  the  charged  body,  the  whole  of 
which  is  set  free  when  it  is  discharged. 

This  proposition  may  also  be  stated  in  the  following 
form.    When   a  conductor    is  charged  to  a    potential 

V=  ,»  the  potenUal  energy  is 

The  potential  energy  is  one  half  the  charge  multiplied 
by  the  potential. 

156.  Potential  energy  of  a  conductor  kept  at  constant 
potential. — Imapine  a  sphere  with  electrical  charge  q. 

Its  potential  is-*-,  and  its  potential  energy—. 

Kow  imagine  some  means  by  which  its  potential  may 
b«  kept  constant  during  discliarge,  and  we  shall  thus  get 
the  source  of  a  constant  clwrtric  current. 
'      Since  tlie  potential  remains  constant,  the  potential 
energy  corresponding  to  a  loss  of  charge  q  is 

qX-9-.orW  =  2l. 

When  the  potential  is  kept  constant  the  expenditure  of 
potential  energy  due  to  the  exodus  of  a  charge  q,  is  twice 
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the  expenditure  when  the  potential  ia  allowed  to  sink 

from  -^  to  zero. 

r 

157.  Capacity. — When  the  idea  of  potential  as  a  func- 
tion of  tbe  electric  chai^  has  been  thoroughly  grasped,  we 
readily  understand  the  idea  of  capacity.  The  capacity  of 
a  conductor  is  merely  the  number  which  represents  the 
ratio  between  the  charge  n  and  the  potential  V. 

To  get  a  clearer  idea  of  this  notion  of  capacity,  take  an 
insulated  sphere  and  place  on  it  an  electric  charge  q.  Con* 
Dect  it  to  an  electroscope  and  note  the  deviation. 

Bring  an  uncharged  conductor  close  up  to  the  in- 
sulated sphere,  but  do  not  allow  it  to  touch  it.  The  leaves 
of  the  electroscope  will  fall,  although  there  has  been  no 
decrease  of  the  charge  on  the  sphere. 

Place  a  plate  of  glass  between  the  insulated  sphere  and 
the  ancharg«d  conductor;  the  gold  leaves  will  fall  still 
more.  N*ow  surround  the  insulated  sphere  by  two  thick 
insulated  metallic  hemispheres,  $0  as  to  form  a  larger 
sphere.  The  gold  leaves  will  again  collapse,  although  the 
larger  sphere  thus  formed  has  the  same  charge  as  the 
.  original  sphere. 
^^  The  ratio  of  the  new  potential  to  the  original  potential 
^F  is  inversely  proportional  to  the  radii  of  the  two  spheres. 
^^  In  all  these  experiments  we  have  simply  altered  the 
^H  capacity  of  the  sphere,  keeping  the  charge  constant.  The 
^^  potential,  as  measured  by  the  electroscope,  has  dropped 
[  whenever  the  capacity  has  been  increased. 
^H  Let  us  look  at  it  from  another  point  of  view.  We  may 
^^  take  our  insulated  sphere,  charge  it  with  a  quantity  of 
electricity  q,  and  measure  the  potential  and  surface  den- 
sity of  the  charge. 

If  the  charge  he  doubled,  we  shall  find  that  both  poten- 
tial and  surface  density  will  be  also  doubled.    For  any 
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given  conductor,  therefore,  there  is  a  fixed  ratio  between 
the  charge  q  and  the  potential  V. 

This  ratio  -3-  =  C  the  capacity  of  the  conductor. 
A  conductor  is  said  to  have  unit  capacity  when  the  ad- 
dition of  unit  charge  will  increase  its  potcntia)  by  unity. 

IL    I>Iel«ctn€;8 — Condenfort. 

158.  Influence  of  two  charged  conductors  on  one 
another — Condensors. — When  an  uncharged  conductor  is 
brought  near-  a  charged  conductor,  the  capacity  of  the 
latter  is  increased,  so  that  for  tlie  same  charge  it  will  now 
possess  a  lower  potetitial.  This  arrangement  of  two  con* 
ductors  separated  by  air  or  some  other  insulating  ma- 
terial is  called  a  condenjor. 

The  ratio  of  the  capacity  of  a  conductor,  to  its  capacity 
when  forming  part  of  a  condensor  is  tenncd  the  condensing 
force  of  the  condensor.  It  is  equal  to  the  ratio  of  the 
charges  re<juired  to  produce  a  given  potential  before  and 
after  the  conductors  are  arranged  as  a  condensor, 

159.  Types  of  Condensers. — The  most  perfect  type  of 
condensor  is  tlie  spherical  condensor;  two  concentric' 
spherical  conducting  surfaces  separated  by  a  layer  of  air 
or  other  insiilatine  material.  Tlic  external  sphere  has  an 
orifice  through  which  an  insulated  wire  may  be  passed  to 
make  contact  with  the  inner  sphere. 

In  practice  we  gexwrally  use  plate  condcnsors  or  cylin- 
drical condensors. 

160.  Capacity  and  condensing  force  of  a  condensor^ — 
Consider  a  spherical  condensor  whose  inner  ^jiherc  lias  a 
radius  R,  and  outer  sphere  a  radius  R',  the  dielectric  be- 
tween them  being  air.    We  find  that  the  capacity  of  such 

RR' 

a  spherical  condensor  in  air  is  pven  by  C  =  „, „ 
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If  the  spheres  are  lar^,  R  and  R'  will  differ  but  little 

»nd  R  R'  may  be  replaced  by  R*.    If  R'  —  R.  the  thick- 

R* 
ness  of  the  dielectric,  be  called  d.  we  now  get  C  =  -r-. 


This  may  be  written  C  = 


4ird 


surbce  area  of  the  sphere,  therefore  C  = 


but  4  IT  R*  is  S  the 
S 


4»d 


This  formula  gives  the  capacity  of  a  coiidensor  in  terms 
of  its  area  and  the  thickneis  of  tl>e  dielectric,  when  that 
dielectric  is  air. 

Thus  a  condensor  of  10,000  square  centimetres  area, 
and  I  cm.  thickness  of  dielectric  between  its  plates,  will 


have  a  capaaty  of  , 

4ir 


i.e.   about  800  electrostatic 


units  or  .0009  microfarads  (168). 

161.  Specific  inductive  capacity. — The  dielectric  sepa- 
rating two  conductors  miist  nol  be  regarded  as  an  inert 
body  which  merely  prevents  a  spark  from  passing  be- 
tween them.  On  the  contrary,  the  dielectric  is  the  chief 
seat  of  the  electric  phenomenon  of  condensation.  We 
may  considerably  increase  tlie  capacity  of  an  air  con- 
densor  by  intcrpositifj  a  sheet  of  glass  between  the  plates. 

The  sptciHc  inductivf  capacity  K  of  a  dielectric  is  the 
coefficient  by  which  the  capacity  of  an  air  condcnsor  must 
be  multiplied  in  order  lo  give  the  capacity  when  the  air 
is  replaced  by  that  dielectric. 

The  force  exerted  by  an  electric  mass  througli  a  dielec- 
tric is  inversely  proportional  lo  this  coefficient  K. 

Coulomb's  law  only  holds  good  when  the  dielectric  is  air. 
When  the  air  is  replaced  by  some  other  dielectric  tha 

factor  |s  must  be  introduced  into  this  forumla. 
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162.  Electrastattc  sysieta  of  units. — Wc  might  meaft- 
ore  the  various,  elcctrosutic  quantities,  the  charge,  the 
potential,  and  the  capacity  of  a  condensor,  in  electro- 
dynamic  units,  which  are  based  On  the  action  of  an  elec- 
tric current  on  a  magnet  pole  (par.  5). 

Electtodynamic  units  are,  however,  eeidoni  used  in 
ekctrostatics.  A  more  convenient  method  of  connect- 
ing electrical  quantities  with  the  fundamental  units  is 
based  on  the  force  cxcncd  between  two  static  charges 
(143).  The  two  systems  are  incompatible,  since  the  one 
is  tused  On  dynamical  movements  resulting  in  the  trans- 
mission of  a  disturbance,  the  electric  current;  whilst  the 
other  is  based  on  mechanical  properties  peculiar  to  elec- 
tricity when  at  rest. 

There  is,  however,  a  definite  relation  between  the  units 
of  these  two  sj'stcms,  both  of  which  are  derived  from 
C.G.S.  units. 

In  the  formula  expres»ng  the  ratio  between  any  pairj 
of  units  in  the  two  systems,  there  always  appears  a 
efficient  v. 

This  coefficient  v  has  the  dimcnstons  of  a  velocity,  and 
its  numerical  value  is  equal  to  the  velocity  of  light, 
300.000  kilometres  per  second. 

This  remarkable  coincidence  formed  the  starting  point 
of  ifaxwell's  work,  which  resulted  in  the  establishment  of 
the  electromagnetic  theory  of  light. 

163.  Numerical  relations  between  the  electrostatic 
and  electromagnetic  imits. — If  any  one  quantity,  for  ex- 
ample a  quantity  of  energy  \V,  can  be  expressed  in  elec- 
trostatic and  in  electromagnetic  units,  we  shall  be  able  to 
establish  the  relations  between  the  two  systems.  In 
what  follows,  capitals  denote  quantities  on  the  electro- 
dynamic  system,  and  small  letters  electrostatic  quantities. 
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We  have  already  proved  that  W  =  i*R  t  =  ["r  t  =  E  I  t 
=  eh  =  E  Q  =€q  —EK  —  e'c. 

Hence:  ^=1^=1=^. 

Let  each  of  these  ratios   be  expressed  by  v.    The 
dimensioiis  of  v  may  be  obcained  from  any  one  of  these 

CJ^reuions,  for  example  ^. 

The  dimensions  of  q  are  LV*M'/*T-'  and  the  dimen- 
^ons  of  Q  are  L'/*M  '/*.   Therefore  the  dimensions  of  ^  are 


But  LT-'  is  the  dimension  of  »  velocity. 
In  the  G.G.S.  system  the  numerical  value  of  v  is  about 
30^000,000^000,  the  approximate  velocity  of  light  in  centi- 
metres  per  second. 
It  is  evident  that  if  this  relation  exists  between  the  numeri- 
valucs  which  express  the  quantities,  the  ratios  betiiveen 
fie  units  in  which  these  quantities  are  expressed  will  be  the 
reciprocal  of  this.  If  a  quantity  G  measures  300,000  in 
r  units  and  this  same  quantity  g  measures  one  in   y 

units,  it  is  evident  that  the  unit    T  must  be of 

300^00 

the  unit  y.  while  the  numerical  value  of  G  is  300.OCO  g. 

The  relations  between  the  electrostatic  and  electrodynamic 

units  arc  therefore  as  follows,  q,  and  Q,  representing  the 

values  of  an  electrostatic  and  of  an  electrodynamic  unit 

respectively. 

fij  =v  ■  ^  =  v  •  -^=v  ■  -^=v*  -^  =  v« 

164.  Quantity  of  electricity  and  units  of  quantity  in 
the  electrostatic  system.-'The  unit  of  quantity  is  the 
mass  of  electricity  which  when  placed  one  centimetre 
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from  an  equal  mass  will  repel  it  with  a  forc«  of  one  dyne 
(143)- 

From  Coulomb's  law  F  =  ^,  we  get  (since  q  =  q') 

q  =  dV'FT 
Electric  quantity,  therefore,  is  the  product  of  a  length 

(L)  by  the  square  root  of  a  force  VL.  M T'.  Tliis  gives 
us  the  dimensions  of  the  unit  of  quantity  of  electricity  aa 
L^/'M'/nr-'. 

The  dectrostatic  nnit  of  quantity  must  be  multiplied 
by  30,000,000^00  to  get  the  electromagnetic  C.G.S.  unit. 

The  practicnl  unit,  the  Coulomb,  is  ■—  of  an  electromag- 
netic unit  and  is  therefore  equal  to  3.000,000^00  electro- 
static units. 

165.  Unit  of  Intenuty  of  current.— Tlie  intensity  of  a 
current  is  the  quantity  of  electricity  which  pa5»e.4 
through  a  conductor  in  unit  time.  It  is  the  quotient  of  a 
quantity  of  electricity  by  a  time.  Its  dimensions  in  the 
electrostatic  system  will  therefore  be  LV*M'/*T"*  and  in 
the  electromagnetic  system  L'/*MV*T-* 

The  electrostatic  unit  of  intensity  is  l/3O.O0OvO00/XX> 
of  the  electromagnetic  unit. 

The  practical  unit,  the  ampere,  is  one  tenth  of  the 
C.G.S.  electromagnetic  unit  and  is  therefore  equal  to 
3,000,000,000  electrostatic  units,    (9.) 

166.  Unit  of  difference  of  potential.— The  potential  at 
any  point,  due  to  a  charge  q,  is  the  quotient  of  the  chai^ 
q.  by  r,  the  distance  of  the  point  from  the  centre  of  ac- 
tion of  the  charge.    Hence,  its  dimensions  are 

L'/'M'y^T-' . 
The  same  result  may  be  obtained  from  Ohm's  law. 
e=:ir,  whence  the  dimcniiions  of  e  are  L'/*M'/*T"*- 
In  the  electromagnetic  system  the  dimensions  of  E  are 
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In  electrostatics,  unit  difference  of  potential  is  definecl 
as  the  difference  of  potential  existing  between  two  points, 
when  one  erg  of  work  is  required  to  bring  unit  quantity 
of  electricitjr  from  one  of  the  points  to  the  other. 

Tliis  unit  is  equal  to  30,000,000,000  clcctromagricttc 
units. 

The  practical  unit  or  volt,  is  I/300  of  the  electrostatic 
unit,  and  is  thus  equal  to  too,ooo,ooo  electromagnetic 
units. 

167.    Unit  of  resistance.— W"e  have  seen  that  W,  the 
work  done  by  a  quantity  of  electricity  Q,  is  proportional 
to  the  electromotive  force  driving  it. 
W  =  QE  =  EIT  =  I'RT. 

W 

Hence  R  =  7j=-,  a  relation  which  is  equally  true  in 

'  '  W 

electrostatic  unite,  r=T^  . 

Since  the  dcmensions  of  the  unit  of  work  are  L'MT"', 

L'MT'* 
we  get  in  the  electrostatic  s}*stcni  r  =  Tirf-fT-x"^''  '^' 

whereas  in  the  electrodynamic  system. 

L'MT* 


R  = 


=  LT' 


LMT  '  X  T 

In  other  words,  a  resistance  in  the  electromagnetic  sys- 
tem has  the  same  dimensions  as  a  velocity,  whereas  in 
the  electrostatic  system  it  has  the  dimensions  of  the  re- 
ciprocal of  a  %-elocity.  This  does  not  imply  that  resist- 
ance is  a  velocity,  or  the  reciprocal  of  a  velocity.  We  can 
only  say  that  tlic  dimensions  of  these  two  quantities 
happen  to  be  the  same. 

The  electrostatic  unit  of  resistance  is  equal  to  9  X  10* 
elect rom.ignetic  units- 

The  practical  unit  of  resuitaiice,  the  ohm.  is  equal  to 
10^  C.G.S.  electromagnetic  units,  and  is  therefore  equal  to 

^electrostatic  units. 

9  X  10" 
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i68.    Unit  of  capacity. — The  ca|>acity  of  »  conductor  is 
the    ratto   of    its   charge   to   its    potential,    c  ^  ^,  or 

C  =  — ,  since  the  definition  is  the  same  in  both  systems. 
E. 

Its  dimensions  in  the  clcctTX>static  system  arc 

3.  _LV'Mvn--'  _ 

e    ~  LV'MV'T'  "~  ''• 
In  the  electromagnetic  system  the  dimensions  art 

"e"  LV'M'/'T-» 

In  the  electrostatic  system,  the  unit  o[  capacity  is  the 
capacity  of  a  conductor  in  which  unit  quantity  of  elec- 
tricity will  increase  the  potential  by  unity.  A  sphere  I 
centimetre  in  radius  will  therefore  have  unit  capacity. 

The  electromagnetic  unit  of  capacity  is  equal  to 
9  X  lo"  elcctrosutic  units. 

TTic  practical  unit  of  capacity,  the  Farad,  is  equal  to 
lo'*  electromagnetic  units  of  capacity,  or  9  X  10"  elec- 
trostatic units.  The  farad  is  the  capacity  of  a  conductor 
whose  potential  is  raised  one  volt  by  the  addition  of  one 
coulomb  of  electricity. 


i6y.    Table  of  Practical  Units. 


Don. 


Il»(trn"n»4(ii(«li; 
t'nlk 


1  Coulomb   .   .   .  =.1 
I  Ampere  .  .  .   .   ^.t 

I  Volt =io» 

I  Ohm =10^ 


1  Farad. 


=  10^ 


=3x10" 

=3x10' 

1 

—    wa 
=  4  X  10" 

=  9X10" 


IV.  EIectro«tatic  Machines. 
170.  Types  of  Sutic  Machines,— Tlicrc  arc  two  type* 
of  electrostatic  macliiiie!>,  friction  nuichineti  and  influence 
machines.    The  earliest  were  the  friction  niacliines,  that  of 
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de  Cueriekt,  in  1673,  and  that  of  Ramsden,  1760,  The 
electricity  was  prodtKcd  by  rubbing  a  revolving  disc  of  glus 
or  sulpliur  with  a  cushion  or  tlie  hand. 

At  the  present  day  influence  machines  of  the  Hoits  or 
IVimskurst  pattern  are  the  only  static  macltineii  used. 

171.    The  Holtz  machine. — Ilic  Holts  machine,  Fig. 
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Fig.  32. — Iloltz  static  siadiine. 

,  consists  of  two  parallel  plates  A  atid  B,  one  of  which,  A, 
is  fixed,  while  the  other.  B,  revolves  in  front  of  it. 

tn  tlie  fixed  plate  are  two  windows  S',  on  the  edges  of 
which  are  fixed  two  paper  armatnres  pp'.  with  pointed 
tongues  projecting  across  the  windows  in  a  direction  oppo- 
site to  that  in  which  the  otlicr  plate  revolves. 

Opposite  the  windows,  and  on  the  other  side  of  the  re- 
volving plate,  are  two  collecling  combs  c  c', 

In  order  to  charge  the  machine  the  two  halls  at  D  are 
brought  into  contact  with  one  another,  and  a  n^ati'vc 
charge  is  given  to  one  of  the  paper  armatures  by  means  of 
an  ebonite  rod  excited  bj-  a  catskin. 
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SappOM  ibe  arrnatntv  p  be  tht»  supplied  with  a  n^ativi 
diarge.  This  chirgc  will  act  on  the  conductor  C  by  in- 
ductiaa.  am)  the  positive  dectrictty  will  flow  from  the  points 
of  the  comb  oa  to  the  gius  at  B. 

Since  the  balls  at  U  are  In  contact  a  corresponding  quan- 
tity of  negative  dcctricity  will  pass  to  the  other  conductor 
c'.  and  Ihcnce  ihrot^h  F  to  the  adjacent  portion  of  the  rc- 
TOlving  plate. 

Thtu  when  B  has  made  half  a  revohition  the  appcr  half 
of  the  plate  n-ill  be  charged  positn-ely  and  the  tower  half 
negativdy.  As  the  pojiti^-e  charge  passes  through  ihe 
comh  c',  it  will  cause  a  flow  of  negative  electricity  to  the 
plate,  and  a  corresponding  quantit>-  of  posiii%-e  electricity 
will  flow  to  the  comb  c.  The  negative  electricity  flowing 
from  the  comb  c'  will  neutralise  the  positive  diarge  oti  the 
adjacent  portion  of  Ihe  di$c,  and  charge  it  negatively. 

During  tliis  time  exactly  the  opposite  procee<Iiiig  i«  occur- 
ring r.t  c.  Moreover,  these  charges  will,  in  their  turn,  in- 
fluence the  armature*  p  p',  whose  opposite  diargcs  will  es- 
cape through  the  pointed  tongues  to  tlie  rotating  plate. 
There  will  thus  be  a  continual  flow  of  negative  electricity 
from  C,  and  of  positive  electricity  from  C. 

If  now  the  balls  at  D  arc  scparatctl.  the  tension  between 
the  two  sides  will  increase  until  it  becomes  sufRcient  to 
cause  a  spark  to  pass  betH'ecn  the  balls. 

172.  Wimshurst  machine  (1883).— This  machine  18 
composed  of  two  glas»  or  ebonite  plates  mounted  on  a  hori- 
jontal  axis  and  rotated  in  oppoMte  directions.  To  the 
outer  surface  of  both  plates  arc  attached  sectors  formed  of 
strips  of  tinfoil. 

At  each  extremity  of  the  horizontal  diameter  is  placed  an 
insulated  metallic  comb  which  acts  as  a  collector.  Between 
thcK  collectors  is  a  detonator  or  spark  gap.  as  in  the  Holts 
macliine.    Each  plate  has  in  addition  a  metallic  rod  with 
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A  amU  diB^e  o(  Ouuidiy  is  gmn  to  the  outer  ej&nder 
at  tbc  point  H.  This  nuT  be  produced  bjr  frictiaa  or  by  io- 
AxSkm,  at  it  may  be  the  remuis  of  a  prwtoas  charge. 

As  the  mctalSc  sector  bcariag  thb  negative  charge  passes 
the  bnuli  F.  it  wiU  attract  poeitiTe  ckctricity  to  the  inner 
siv&ce  of  the  inaer  q^indcr,  the  ocgstive  ckctricity  being 
rqidled  frocn  F  lo  E,  and  c«aatng  a  n^ative  charge  on  the 
inno- cylinder  at  E. 

Since  the  cylinders  rrvohre  tn  opposite  directions  both  the 
portion  HH'  of  the  outer  cylinder,  and  the  portion  EE*  of 
the  inner  cylinder  will  convey  their  negative  charge  to  the 
comb  B.  where  h  wiU  be  neatralised  by  an  equal  and  c^po- 
«te  positire  charge  taken  from  tlie  coHector  B, 

After  passii^  B  the  portion  of  tiic  outer  c>'linder  in  the 
position  BD  will  come  under  the  influence  of  the  ntgative 
charge  on  the  inner  cylinder.  It  w-ill,  therefore,  become 
positively  charged,  the  corresponding  negative  charge  being 
repelled  through  the  brush  D  to  C,  where  it  will  cliarse  thai 
portion  of  the  outer  cjlinder  n^atively. 

These  combined  actions  all  tend  to  charge  the  portion 
HH'B  of  the  outer  surface  ncgati\-ely.  and  the  portion  lA 
poittively.  At  the  same  time  the  portion  of  the  inner  surface 
EE'  B  is  charged  negatively,  and  the  portion  I-'A  is  cliarged 
positively.  The  two  positive  charge*  are  collected  by  the 
comb  A,  and  the  two  negative  charges  by  the  comb  B. 

V.    Effects  produced  by  static  miChuMs^— The  static  brttst.— 
Effleuve., — Sparking.— Morton's  Currents. 

173.  Effects  produced  by  the  static  machine  without 
(be  DM  of  Lcyden  jars. — When  the  terminal  knobs  of  the 
collectors  of  a  static  machine  are  separated,  sparks  pass 
between  them.  When  the  knobs  are  near  together  the  ^rit 
passes  directly,  as  a  single  ziRza^r  flash,  but  when  they  are 
further  separated  it  becomes  branched. 
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still  further  separating  them  a  violet  coloured  glow 
.makes  it»  sppearancv.    This  is  tcniit:(I  the  effieuve. 

On  approaching  the  hand  to  one  of  tlie  knobs  a  charac- 
teristic cool  blowing  sensation  is  felt.  This  is  due  to  the 
particles  of  air,  which  are  at  first  attracted  by  the  knob,  and 
thcQ  violently  repelled  on  becoming  similarly  charged  by 
[intact  with  it. 

The  negative  "Souffle"  is  stronger  than  that  from  the 
positive  pole.  According  to  Bordier,  this  action  is  reversed 
at  some  distance  from  the  knobs. 

The  output  of  a  static  machine  is  measured  by  means  of 
Lan^s  unit  Leydcn  jar. 

174.    Detennination  of  the  signs  of  the  poles  of  a  Static 
achine. — The  polarity  of  a  static  machine  may  be  de- 
lined  in  several  ways: — 

1.  In  the  dark  the  comb  connected  to  the  positive  pole 
a  scries  of  brilliant  sparks,  while  tliat  connected  to 

'negative  pole  shews  a  violet  aigrette. 

2.  At  the  detonator  balls  an  opposite  effect  is  produced. 
The  positive  knob  will  give  a  violet  aigrette,  and  die  nega- 
tive knob  will  shew  a  scries  of  sparks, 

A  violet  aigrette  is  a  sign  of  tlie  discharge  of  positive  ckc* 
tiicity.  When  seen  on  ilie  comb  it  shews  the  flow  of  posi- 
tive electricity  from  tlie  comb  to  the  plate,  and  therefore 
marks  the  position  of  tlic  negative  pole.  The  brilliant  points 
indicate  a  flow  of  negative  electricity.  When  seen  on  the 
combs  they  indicate  a  flow  of  negative  electricity  from  the 
comb  to  the  plate,  and  hence  mark  the  position  of  the  posi- 
tive pole. 

3.  If  tlie  knobs  are  far  enougli  apart  tlie  spark  will  be 
blanched.    The  main  stem  of  siKh  a  spark  is  at  the  positive 

\>,  whilst  llie  branches  ramify  towards  the  native 
Db, 
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To  daifc  a   sutic   machine. — Machines  with 
etas  vfll  ooafly  dtiree  tbeoudres.    Those  with- 

»» imy  W  chafed  by  rahtKng:  the  edge  of  the  pUtc     _ 

willi  a  Ay  ingtr  or  witfi  a  6tUe  umlgain.  ■ 

The  posilne  pole  wiB  be  ibe  ooc  whose  conductor  is  in 
admee  ci  fht  ecdnd  ncioo.  If  the  plates  are  damp  an 
cbooite  rod  JiarfJ  be  cknpd  by  nibbing  it  with  a  catsktn 
aad  fhaid  doK  to  oee  of  tibc  plates,  jasi  opposite  one  of 
tbe  tniilui.  Tba  w3  act  oa  the  bnisb  by  iDduction 
ttimgh  tbe  two  piitw 

I  176.  Ttedaique  of  the  Medical  Application  of  Static 
glecukily.— (A)  Static  Btth.—fht  patient  is  placed  on 
a  stool  with  glass  l^s.  One  pole  of  the  machine  is  con- 
nected to  the  wooden  top  of  the  insulating  stoo),  while  the 
other  pok  is  caitiied  tqr  mtaos  of  a  metal  dutio. 

Lon  by  kakage  alooK  Ac  surface  of  the  glass  tegs  may 
be  rcdtxvd  by  staoding  them  in  cups  filled  with  oil.    (Ber- 

(B)  Eltcfric  *«•««.— fiBrtiw,— Tbe  patient  may  be 
placed  either  on  the  floor  oroo  the  insulating  stool.  One  pole 
of  the  machine  is  coooected  to  earth,  or  to  the  insulating 
itoo). 

To  gi«  the  electric  breeze  the  second  pole  is  connected 
to  a  metallic  point  or  brash,  or  an  exdter  with  multipk 
points,  or  Tmchofs  cephalic  douche. 

To  produce  an  aigrette  a  wooden  exciter  most  be  em- 
ployed. 

(C)  Sparks. — ^Thc  same  arrangement  is  used  as  in  the 
preceding  case,  except  that  the  pointed  electrode  is  replaced 
by  a  meUUic  ball.    This  is  placed  in  contact  with  the  skin 
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I  and  then  slowly  withdrawn,  thus  gradtiaU)-  increasing  the 

I  length  of  the  spark. 

EUetrie  friction  is  given  by  passing  this  .ball  backwards 

^and  forwards  outside  the  clothes. 

( D)  Mediate  excitation. — Bergoni^s  exciters.  —  Rou- 
maUliac's  exciters. — Nfediatc  excitation  is  also  produced  by 
placing  the  metallic  ball  directly  in  ci.>ntact  with  (he  skin,  but 
with  the  addition  of  an  adjustable  sparkt^p  or  exploder  in 
the  handle  of  the  electrode,  between  the  ball  and  the  pole 
of  the  naichine.    Fig.  35  slwws  the  arrangement  employed 

tin  Bergoni^s  iostrument. 
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Fif.  35.— Exploder  of  Bersonic's  exciter. 

177.  Morton's  currents. — These  currents  were  intro- 
duced by  Dr.  IV.  /.  Morton  in  1881.  To  produce  them  the 
inner  coatings  of  two  Lcydcn  jars  are  connected  to  the  col- 
lectors of  the  static  machine  (Fig.  36).  Tlic  outer  coatings 
are  connected,  one  to  earth  and  the  other  to  tlic  electrode  of 
utilisation.  The  patient  is  not  insulated. 
I  When  a  sparic  passes  across  the  gap  between  the  knobs 
of  itie  static  machine,  a  stmult-ineous  discharge  occurs  be- 
tween the  outer  coatings  of  the  two  jars.  This  discharge 
is  of  an  oscillatory  character  and  we  are,  tliercforc,  really 
dealing  with  high  frequency  currents  of  rapidly  fluctuating 
intensity. 


CHAPTER  VI. 


THE  RONTGEN  RAYS. 


I. — ^Oeaenl  ConBKlAtatioBSi 

178.  Definition. — The  X-rays  were  discovered  by  Pro* 
fessor  Kiimgen  in  1895.  They  arc  radiations,  propagated 
with  the  velocity  of  Hght  aad  the  Hertzian  waves,  and  are 
of  miKh  shorter  wave  length  than  even  uttra-vtolct  Hglit. 
There  is  a  graduated  scale  of  wave  lengths  for  the  X-rays, 
just  35  there  is  a  scale  of  luminous  waves  of  the  spectrum. 
It  hat  been  shewn  by  Couy,  Haga  and  Wind  that  the  wave 
lengths  of  all  X-rays  are  of  the  order  of  one-thousandth  to 
one  ten-tbousandth  of  a  micron, 

Tlie  value  of  X-rays  in  medical  diagnosis  is  due  to  two 
properties.  They  traverse  many  subfttances.  such  as  muscle 
and  skin,  whidi  are  opaque  to  or<Unary  light,  and  tiiey  niam> 
fcst  their  presence  by  their  action  on  fluorescent  bodies,  or 
on  a  photographic  plate. 

These  radiations  have  also  a  physiological  action  on  the 
tissues,  which  may  be  either  harmful  or  beneficial.  We  shall, 
therefore,  Iiavc  to  consider  both  Llieir  danger  and  their  tliera^ 
peutic  use. 

179.  Production  of  X-rajrs. — ^The  essential  apparatus 
for  the  production  of  Rontgcn  rays  is  a  vacuum  tube  called 
a  Crookes  tube  or  Ront)j:eii  tube,  or  focus  tube,  which  is 
traversed  by  an  electric  current  of  high  potential.  In  prac- 
tice we  make  use  of  two  sources  of  high  potential  electricity, 
the  Static  machine  and  the  Rulmikorff  coil,  or  alternating 
transformer. 
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Two  Vniard  valves  W  are  introduced  in  parallel  wiUt 
the  focuR  tube.  Tliese  provide  an  allenintive  patli  of  lesser 
resistaoce  (or  the  inverse  current  and  thus  prevent  it  from 
passing  through  t)ie  focus  tube  (196). 

This  apparatus  has  many  advanlag^es.  It  obviates  the 
necessity  (or  an  intcrruptor.  a  most  unsatisfactory  and  noisy 
instrument  whose  use  renders  any  accurate  invasiirement 
impossible,  [t  also  renders  possible  the  measurement  of 
the  current  passing  through  the  focus  tube  by  means  of  a 
milliampcrcmeter  at  A. 

The  measure  of  the  current  passing  through  the  focus 
tube  is  a  most  valuable  datum,  both  for  radiology  and  for 
radiotherapy.  These  advantages  are  so  great  that  the  at- 
temating  current  Ut  now  preferred  to  the  constant  current 
tor  X-ray  work,  and  in  some  instances  even,  the  constant 
current  supply  is  converted  into  an  alternating  current  by 
means  of  a  rotary  transformer  in  order  to  permit  the  use  of 
an  alternating  current  transformer. 

181.  Static  machines  for  X-ray  work. — Any  static 
machine  having  a  sufikicntly  large  output  may  be  used  to 
drive  a  foais  tube.  TIk  chief  disadvantage  of  static  ma- 
chii>es  is  their  sensitiveness  to  any  change  in  the  hygrome- 
trie  state  of  the  air,  and  the  great  care  necessary  to  avoid 
damage  to  the  conductors.  On  the  otlicr  hand,  they  give 
a  steadier  illumination  of  the  fluorescent  screen,  are  more 
portable  than  a  coil  and  accumulators,  and  their  use  greatly 
lengthens  the  life  of  the  focus  tube. 

A  Wimshurst  machine  with  two  or  three  plates  50  cm. 
in  diameter,  rotated  at  800  revolutions  per  minute  is  suffi- 
cicnt  for  most  purposes.     {Lcduc.) 

182.  Facts  to  be  noted  when  using  a  Wimshurst 
machine  in  X-ray  work. — There  arc  three  different 
methods  of  dtfving  a  focus  tube  by  means  of  a  static  ma- 
chine. 
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(A)  The  tube  may  be  introduced  directly  into  the  circuit 
of  the  static  machine.  By  this  means  equality  of  illumina- 
tion is  assured,  but  a  more  powerful  macliine  is  required 
than  when  cither  of  the  following  methods  is  employed. 

(B)  When  the  static  machine  is  not  powerful  enough  a 
sparkgap  or  detonator  may  be  introduced  into  the  circuit. 
The  current  thus  obtained  is  intermittent  and  docs  not  give 
the  same  steady  illumination  of  the  fluorescent  screen,  but 
this  contrivance  may  often  be  used  with  advantage  in  ra- 
diography. 

The  intermitlent  current  of  low  frequency  obtained  by 
this  means  is  not  to  be  confounded  with  intermissions  of 
high  frequency  which  oriRinate  the  cathode  rays. 

(C)  The  third  method  i«  to  connect  each  pole  of  the 
WimshursI  to  the  inner  casting  of  a  Lcydcn  jar,  while  the 
outer  coatings  arc  conncclcJ  to  the  terminals  of  the  focus 
tube,  the  ano<le  being  joined  to  the  jar  on  the  negative  pole 
of  the  Wimshiirst,  and  the  cathode  to  the  jar  on  the  posi- 
tive pole.  The  external  armatures  of  the  jars  are  also  con- 
nected together  by  a  conductor  of  great  resistance,  such  as 
a  wooden  bar  or  a  Villard  valve. 

By  this  njcthod  we  may  in  great  measure  avoid  the  loss 
of  current  due  to  the  leakage  from  the  surface  of  the  con- 
rs. 

JI.— The  Focus  Tube 


183.  Definition. — ^Th«  Crookes  tube  or  focus  tube. — 
A  Crookes  tube  is  a  glass  globe  exhausted  of  air  and  pro- 
vided wiih  two  electrodes,  an  anode,  which  Is  connected  to 
the  positive  pole,  and  a  cathode  connected  to  the  negative 
pole  of  a  source  of  high  tension  electricity. 

The  tube  in  general  use  is  3  bianodic  tube  (Fig.  38),  the 
two  anodes  bring  in  electric  commimicatiot]  with  one  another 


Tm  KOHTGEK   KAT8 


141 


outside  the  tube,  Th«  second  snodc  is  inclined  at  an  angle 
of  45°  to  the  axiii  of  the  tube,  and  is  teniied  the  anti- 
cathode.    This  serves  to  receive  and  disperse  the  cathode 
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Fiff.  3&— Ordinary  focus  lube  with  two  aiio<!e*, 

rays  issuing  from  the  cathode,  and  gives  out  the  Rontgen 
rays,  whicli  radiate  from  it  in  all  directions. 

The  cathode,  C,  is  tnadc  of  aluminum,  since  this  metal  is 
least  subject  to  electric  evaporation.     {189.) 

The  anticsthode,  D,  is  made  of  platinum  iridium,  since 
this  is  most  resistant  to  heat,  a  considerable  amount  of 
which  is  generated  by  the  impact  of  the  cathode  rays.  More- 
over, the  production  of  X-rays  increases  with  the  atomic 
weight  of  the  clement  acting  as  target  for  the  cathode  rays, 
and  platino-iridium  is  one  of  the  ht-aviest  metals  known. 

Under  the  best  conditions  a  live  iocvin  tube  should  shew 
two  distinct  hemispheres,  which  arc  separated  by  the  plane 
of  the  anticathode,  m  n.  The  hemisphere  in  front  of  the 
anticalhode  glows  with  a  brilliant  green  fluorescent  light. 

The  glass  wall  bounding  the  active  hemisphere  is  bom- 
barded by  the  cathodic  projectiles  scattered  by  ihe  anticath- 
ode, and  is  traversed  by  the  X-rays  which  radiate  from  the 
focus  of  emission  on  the  anticathode.  (186.)  The  hem- 
isphere behind  the  anticathode  is  quite  dark  except  when 
the  tube  is  vvorking  irregularly.    (197.) 
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The  genesis  of  the  Rontgcn  rajs  in  a  vacuum  tube  is  due 
to  the  shock  of  impact  when  a  stream  of  cathode  rays  strikes 
a  target.  The  first  desideratum  tlien  is  some  means  of  pro- 
ducing a  strong  stream  of  catiiodc  rays. 

184.  Cathode  Ray*.— In  186S  liittorff  first  described 
the  phenomenon  of  cathode  rays.  The  following  is  the 
theory  now  generally  accepted.  A  stream  of  material  par- 
ticles, the  cathodic  afHitx.  flows  from  all  parts  of  the  vacuum 
tube  towards  the  cathode.  These  particles  are  then  repelled 
by  the  catiiodc  towards  the  anlicathode,  forming  the  catho- 
dic beam.  On  striking  the  anticathode  this  beam  is  again 
dispersed  in  all  directions  throughout  the  hemisphere  in 
front  of  the  aiiticathodc. 

Cathode  rays  are,  therefore,  not  due  to  vibrations,  like 
liglit,  heat,  and  X-rays,  but  to  a  transport  of  material  par- 
ticles which  are  probably  Hydrogen,  These  particles  travel 
with  a  velocity  of  20,000  to  50,000  kilometres  per  second. 
(/.  /.  Thotmon.  IViechfrl.) 

If  we  watch  the  electric  discharge  in  a  tube  which  is  being 
gradually  exhausted,  when  the  pressure  is  reduced  to  about 
10  mm.  of  mercury,  we  see  the  so-called  positive  light,  a 
violet  glow  around  the  anode,  stretching  towards,  but  not 
reaching,  llic  cathode.  The  dark  space  between  this  glow 
and  the  cathode  is  termed  Faraday's  dark  space. 

On  increasing  the  vacuum  a  glow  also  appears  around 
the  cathode,  the  so-called  nej:alitv  light  which  is  separated 
from  the  cathode  by  Hitlorff's  dark  space.  The  colour  of 
this  glow  depends  on  the  nature  of  the  gas  present  in  tlie 
tube. 

As  the  vacuum  gets  higher  this  negative  light  becomes 
concentrated  into  the  cathodic  beam.  With  a  sufiRciently 
high  vacuum  the  cathodic  beam,  by  its  impact  on  any  ob- 
stacle, gives  rise  to  the  Rontgcn  rays. 

TTiis  cathodic  beam  represents  the  trajectories  of  the  pro- 
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jectiles  driven  from  the  cathode  towards  the  anode  or  anti- 
cathode.  It  is  fed  by  the  afi\ux  of  moleailcs  from  all  parts 
of  the  tube.  These,  on  touching  the  cathode,  receive  a  nega- 
tive charge,  aiKl  arc  repelled,  thus  forming  the  cathode  rays. 

If  the  cathode  is  perforated,  part  of  the  catlKxIic  afflux 
will  pass  through  the  aperture  and  appear  as  a  luminous 
stream  at  the  back  of  the  cathode.  These  rays  bdiind  the 
cathode  liave  been  termed  hy  Coldstem  the  KanalttrahUn, 

Radioactive  bodies,  such  as  radium,  give  out  radiations 
analogous  to  cathode  ra>-s.  besides  emitting  radiations  simi- 
lar 10  X-ray8.     {Bicquercl,  Curie.) 

183.  Properties  of  the  Cathode  rays. — (a)  Cathode 
rays  are  negaliivly  eUctridtd. — The  ratio  of  the  electric 
charge  e  to  the  mass  m  of  the  cathodic  particles  is  found  to 
be  always  constant. 

The  ratio  —  is  the  same,  whether  it  is  measured  in  the 
m 
catliode  rays  inside  the  lube  or  outside  llie  tube  in  the 
Lcnard  rays.  It  is  one  thousand  times  as  great  as  the  ratio 
of  charge  to  mass  in  the  ions  concerned  in  electrotjlic  con- 
duction. One  gramme  of  cathodic  matter  would  carry  a 
hundred  million  ( 10*)  coulombs  of  electricity. 

(b)  The  xvlonly  of  a  ealhodic  projectile  is  a  functioH  of 
the  difference  of  pcteiuial. — It  therefore  increases  as  the 
vacuum  becomes  higher.  Since  the  voltage  of  the  current 
throt^h  a  focus  tube  is  constantly  fluctuating,  every  cath- 
odic beam  is  compoeed  of  various  catliodic  rays  travelling 
with  different  velocities. 

(c)  Calhode  rayx  are  dcriated  and  dispersed  by  a  mag' 
netie  or  a»  electric  field. — This  phenomenon  is  the  direct 
result  of  the  electric  charge  carried  by  the  cathodic  parti- 
cles. Following  the  ordinary'  laws  of  projectiles,  the  devia- 
tion of  the  ra>'s  is  in  inverse  proportion  to  iheir  velocity,  so 
that  the  deviation  is  greatest  when  the  vacinim  in  the  tube 
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is  low»t.  The  de^'iatioi),  moreover,  varies  tor  diffcrcnl 
nys  tn  the  same  catliodic  beam.  The  rays  of  high  velocity 
will  be  less  deviated  than  those  travelling  more  slowly ; 
hence  we  notice  a  dispersion  u  well  as  a  deviation  of  the 
beam. 

(d)  Electric  ci'aporation. — ^Tbc  cathode,  it.,  the  clec- 
tTXxle  towards  which  the  catliodic  afflux  flows,  and  from 
which  the  cathode  rays  oripnate,  undergoes  a  gradual  pro- 
cess of  pulverisation  or  electric  evaporation,    (1891.) 

(e)  Production  of  X-rays. — ^Tlie  cathodic  projectiles  give 
rise  to  X-rays  whenever  ihey  strike  any  material  surface. 
There  is,  therefore,  a  production  of  X-rays  at  the  centre  of 
the  anttcathode,  and  on  the  walls  of  the  focus-tube,  which 
receive  the  cathode  rays  dispersed  by  the  anticathode.  (18G.) 

186.  Production  of  X-rays  in  a  vacuum  tube. — In  the 
earlier  Crookes  tubes  the  X-rays  were  produced  by  the 
cathoile  rays  bombarding  the  glass  walls  of  the  tube  itself. 
The  surface  of  emission  was  large,  and  shadows  formed  by 
the  X-rays  were  ill-defined.  ' 

In  the  modfrn  focus-tube  the  surface  of  emission  is  re- 
duced to  a  square  mitlimctre  or  less  at  tlie  centre  of  the  anti- 
cathode,  the  cathode  being  concave  so  as  to  focus  all  the 
cathode  rays  at  this  point. 

Another  great  advantage  is  the  substitution  of  a  focus- 
plate  of  platino-iridium  for  the  glass  wall  of  (he  tube,  since 
the  intensity  of  the  X-raN'S  emitted  ircreas^cs  with  the  den- 
sity of  the  target.  Further,  since  plalino-iridium  is  able  to 
withstand  a  high  temperature,  it  is  piWMble  to  concentrate 
the  rays  at  one  point  without  fear  of  fusing  the  target. 

The  X-rays  produced  at  the  anticathode  easily  traverse 
the  waits  of  the  tube,  losinfr  verj-  little  of  their  inlensitj-  in 
the  process.  The  X-rays  produced  by  the  impact  of  the 
diffused  cathode  rays  on  the  wall  of  the  focus  tube  are  but 
feeble,  and  may  be  practically  ignored.     (301-) 
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187.  Action  of  a  focus  tube.— 'ITierc  are  several  pho 
nomcna  of  iatcrcst  to  be  observed  in  using  a  vacuum  tube 
for  the  proJuclioo  of  X-rays. 

(A)  The.  electric  state  of  the  focus  tube  and  of  the 
vacuum.    (188.) 

(B)  The  cathodic  evaporation  or  pulvcrisatioD  of  the 
catfiodc.    (189.) 

(C)  The  metallisation  of  Ihc  tube.     (190.) 

(D)  The  thermic  effect*.    (191-) 

(E)  The  inlerior  rej^istancc.  Tliis  is  a  function  of  the 
facility  of  formation  of  the  cathode  beam,  and  therefore 
of  the  degree  of  vacuumu  It  may  be  determined  by  tlie  length 
of  Ihc  ccjuivalcnt  spark,  or  by  tlie  quality  of  llic  X-rays 
emitted  as  measured  by  Bcnoisfs  radiochromomcter.  A 
focui-tube  is  said  to  be  "soft"  or  "hard,"  according  to  tlie 
defrrec  of  its  internal  resistance.     ( 192.) 

(F)  The  "joftcning"  of  a  focus  tube  during  use.  Dur- 
ing the  process  of  exhaustion  of  a  focus  tube  it  becomes 
softer  when  a  current  is  passed.  This  sometimes  occurs 
during  use  if  the  focus  tube  has  not  been  properly  ex* 
haustcd. 

(G)  The  "hardening"  of  a  focus  tube  during  use.  When 
a  focus  tube  has  been  prc^wrly  extiauslcd  it  always  grows 
harder  with  use. 

188,  Resistance  of  the  focus  tube. — In  an  electric  cir- 
cuit, the  fall  of  ]X>l«;tiiial  between  any  two  pdinlii  is  greater, 
the  greater  the  resistance  between  these  points;  provided 
that  the  resistance  of  the  rest  of  the  circuit  remains  unal- 
tered. It  follows,  tlicrefore,  that  ttie  dilTercncc  of  potential 
between  the  anode  and  cathode  of  a  focus  tube  will  be  in- 
creased by  increasing  the  resistance  of  the  tube.  The  resist- 
ance of  a  focus  tube  varies  inversely  with  the  facility  with 
which  the  cathode  rays  are  formed  and  directly  with  the 

^■degree  of  vacuum  in  the  tube.     (184  and  192.)     The  re- 
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ststancc  of  a  tube  may  b«  measured  approximately  by  the 
length  of  the  equivalent  spark.     (193.) 

The  greater  portion  of  the  focus  tube  is  at  the  same  po- 
tential as  the  anode,  the  drop  of  potential  occurring  chiefly 
at  the  cathode. 

189.  Cathodic  evaporation.  —  The  phenomenon  of 
electric  czMporalion  is  almost  exclusively  confined  to  the 
cathode  of  a  vacuum  tube.  During-  the  emission  of  cathode 
rays  excessively  minute  particles  are  torn  off  from  the 
cathode  and  strike  the  g^lass  walls  of  the  tube,  producing  a 
blackish  discolouration. 

Aluminium  being  less  subject  to  this  pulverising  action 
than  most  other  metals,  the  catliode  is  almost  invariably 
made  of  this  mdat.  Platinum,  on  tlic  other  hand,  exhibits 
the  phenomenon  of  electric  evaporation  in  a  very  high  de- 
gree. Hence  electric  evaporation  and  consequent  discol- 
ouration of  the  tube  takes  place  rapidly  when  a  focus  tube 
is  driven  the  wrong  way,  i.e.,  when  the  current  is  passed 
from  cathode  to  anode. 

190.  MeuUisation  of  the  tube.— The  so-called  metal- 
lisation of  the  tube  is  due  to  the  deposit  on  its  walls  of  metal- 
lic particles  torn  off  from  ilie  cathode.  This  gives  a  cliar- 
acteristic  black  discolouration  to  the  glass,  which  is  quite 
distinct  from  the  violet  tinge  caused  by  the  impact  of  the 
cathode  rays.  Tliesc  minute  particles  of  metal  have  a  great 
affinity  for  oxygen,  and  by  combining  with  the  residual  gas 
in  the  tube  the)'  increase  the  vacuum  and  cause  the  tube  to 
grow  "hard."  Metallisation  should,  therefore,  be  avoided 
as  much  as  po8si!)!c.  by  suppressing  the  reverse  current,  for 
which  the  platinum  anticathode  serves  as  a  cathode.  (Vil- 
lard  valves,  196.) 

191.  Thermic  effects. — Cathodic  bombardment  is  ac- 
companied by  an  evolution  of  heat  in  the  target.    The  anti- 
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cathode  soon  b«om«s  red  hot,  and  for  that  reason  it  is  best 
made  of  |>l3linufn.  Hie  glass  walU  of  tlic  tube  also  become 
slightly  heated  by  the  impact  of  the  diffused  caihode  rays. 
To  avoid  exco^sive  heating  modern  tubes  are  often  con- 
structed with  a  water  cooling  device  around  the  anticathodc. 

192.  Interoal  resistance  of  the  focus-tube. — Hard  and 
soft  tubes. — The  resistance  of  the  vacuum  in  a  focus  tube 
is  ever  varying,  depending,  as  it  docs,  on  (he  case  with  which 
the  cathodic  beam  is  formed,  and  on  the  d^ree  of  vacuum 
in  the  tube.    These  two  factors  are  mutually  interdependent. 

The  greater  the  resistance  the  greater  will  be  the  differ- 
ence of  potential  between  the  anode  and  the  cathode,  the 
greater  will  be  the  velocity  of  the  cathode  rays,  and  tlie 
more  penetrating  the  Riintgcn  rays  to  which  they  give  rise. 

Tlw  resblance  of  a  lube  may  be  determined  in  various 
ways. 

(a)  By  measuring  tlic  length  of  the  equivalent  spark. 

C>93) 

(b)  By  determining  the  penetration  power  of  the  X-rays 
by  means  of  Benoist's  radiochromomctcr.     (204.) 

(c)  By  calculation  from  tlw  voltage  in  the  primary  cir- 
cuit.   {Ber^onii.) 

(d)  By  emplonng  tlie  d'Arsonj-al-Gaiffe  alternating  cur- 
rent transformer  and  miliiamperemelcr,  which  permits  of  an 
exact  determination  of  the  resistance  and  current  in  the 
tube.     (iSQand  180.) 

If  the  internal  resistance  of  2  focus  tube  is  above  the 
normal  the  tube  is  said  to  be  hard;  if  it  is  below,  the  tube  is 
soft.  When  a  tube  is  used  for  the  first  time  wc  should  note 
if  it  grows  softer  with  use.  This  is  indicated  by  a  decrease 
in  the  length  of  the  equivalent  spark,  and  by  a  change  in 
appearance  of  the  tube.  When  a  focus  tube  grows 
>fler  with  use  it  shows  that  it  has  not  been  properly  ex- 
hausted. 
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In  the  process  of  manufacture  of  a  focus  tube  the  resid- 
ua] gas  has  to  be  repeatedly  exhausted,  and  during  the  ex- 
haustion a  current  is  passed  through  the  tube  to  liberate 
tile  gaseous  molecules  absorbed  by  the  glass.  Finaily  the 
tube  is  healed  in  order  to  liberate  any  remaining  gas. 

A  focus  tube  is  said  to  be  formed  when  it  no  longer 
grows  softer  during  use,  even  when  heated. 

If  a  new  tube  becomes  soft  through  being  over-driven,  it 
may  be  hardened  again  by  being  used  repeatedly  with  a 
very  small  current. 

193.  Determination  of  the  Resistance  of  a  focus  tube 
— Equivalent  spark — Voltage  of  primary — Milliamper- 
age  of  the  secondary  circuit. — The  maximum  length  of 
spark  which  will  pass  between  the  balls  of  a  sparkgap 
mounted  in  parallel  with  the  foais  tube  is  called  the  equiva- 
lent spark  length.  It  gives  an  approximate  measure  of  the 
penetration  of  the  X-rays  emitted  by  the  tube.  Two  tubes 
of  the  same  type,  with  the  *amc  equivalent  spark  length, 
will  give  rays  of  equal  penetration. 

The  equivalent  spark  will  be  longer  the  greater  the  re- 
sistance and  the  higher  vacuum.  Its  length  will,  there- 
fore, increase  with  any  increase  in  the  velocity  of  the 
cathodic  corpuscles. 

Biclire  has  designed  an  instrument  which  he  has  named 
spintcrmeicT,  to  facilitate  the  measurement  of  the  equiva- 
lent spaik. 

It  must  be  remembered  tliat  the  length  of  spa.k  will  vary 
with  the  size  of  the  ball*  of  the  sparkgap.  This  should  be 
one  of  the  data  given,  in  order  to  render  comparable  the 
measurements  of  different  experiments.  During  an  ex- 
posure the  spintemieter  enables  us  to  appreciate  one  thing 
only;  tliat  is  the  moment  when  the  tube  becomes  hard 
enough  to  allow  a  spark  to  pass  between  the  knobs.    If  the 


Tat  iSmeEH  mvi 


149 


tube  IS  growing  softer  we  must  Approach  Ihe  knobs  of  the 
spiiUcniiclcr  until  a  $parlc  passes,  anil  measure  the  distance 
at  which  this  occurs.  This  interferes  with  the  regularity 
of  emiscioa  of  X-rays,  since  it  ceases  during  the  passage 
of  a  spark  across  die  sparicgap. 

Bergonii  has  devised  another  means  of  judging  the  inter- 
nal resistance  of  a  focus  tube.  This  is  the  measurement  of 
the  vohagc  at  the  terminals  of  the  primary  coil.  Any  in- 
crease of  resistance  in  the  secondary  will  increase  the  self- 
induction  in  the  coil,  and  thus  alter  the  resistance  to  change 
of  flux  in  the  primary. 

With  a  given  ccwl,  if  other  factors  remain  unchanged, 
we  may  estimate  the  change  of  resistance  of  the  tube  by 
measuring  Ihe  difference  of  potential  at  the  terminals  of  the 
primary  coil,  since  this  will  increase  as  the  resistance  of  the 
tube  increases. 

The  cJiaractcr  of  a  tube  caii  be  determined  much  more 
easily  by  using  an  ahcmating  current  transformer  as  de- 
scribed in  par,  i8o.  A  milliamperemeter  in  the  secondary 
will  give  Ihe  exact  meaMire  of  the  current  through  the  focu« 
tube.  Since  the  intensity  of  the  current  is  a  function  of  the 
E.M.F.  of  ihc  sceondarj-  and  the  resistance  of  the  tube,  any 
change  of  the  latter  will  be  indicated  by  the  milliampere- 
meter. A  comparison  of  a  number  of  tubes  of  different 
makers  by  means  of  Bcnoisl's  radlochromometer  has  proved 
the  accuracy  of  this  method  of  measurement. 

194.  Hardening  of  the  tube  and  means  of  prerentiog 
it, — During  its  action  a  focus  tube  grows  gradually 
harder,  i.e.,  the  length  of  the  equivalent  spark  becomes 
greater.  One  cause  of  this  hardening  is  electric  evaporation 
from  the  cathode.  This  may  be  recognised  by  the  blackish 
tinge  due  to  metallisation  of  the  glass,  which  should  not 
be  confounded  with  the  violet  or  brownish  discolouration 
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caused  by  the  direct  acdoo  of  the  X-rays  and  the  cathode 
rays. 

Tlie  mrtallic  particles  tlirown  off  from  tlie  cathode  have 
■  great  affinity  for  oxygen,  and  thus  reduce  the  quantity  of 
free  gas  in  the  tube. 

When  a  tube  begins  to  grow  hard  it  may  be  restored  to 
its  former  condition  by  warming.  For  this  purpose  a  broad 
flame  from  a  spirit  lamp  .•ilioutd  be  used.  Unfortunately, 
when  the  flame  is  withdrawn  the  lube  rapidly  becomes  hard 
again.  Even  during  a  short  exposure  the  quality  of  the 
rays  will  chanRC.  owing  to  the  cooling  of  the  tube. 

The  use  of  a  Villard  valve,  which  prevents  tlie  passage 
of  any  inverse  current,  will  in  great  measure  prevent  dedric 
evaporation.  The  degree  of  hardness  of  a  focus  tube  may 
also  be  regulated  by  the  use  of  the  osmoregiilator  or  other 
appliance  for  regulating  the  vacuum  in  the  tube. 

195,  ViUard's  osmoregulator.  —  The  osmorcgulator 
consists  of  a  smalt  pbliniini  tube  which  is  sealed  into  the 
wall  of  the  focus  tube.  The  outer  end  of  the  osmoregu- 
lator  is  closed,  while  the  other  end  opens  into  the  focus 
tube.  When  platinum  is  heated  it  becomes  permeable  to 
hydrogen  gas.  The  molecules  of  the  gas  will  tend  to  pass 
through  the  mclal  from  a  region  where  its  pressure  is  higher 
to  one  where  its  pressure  is  lower,  just  as  liquids  do  in 
osmosis. 

When  the  platinum  tube  is  heated  in  a  Bunsen  flame, 
some  of  the  hydrogen  molcailcs  present  in  the  flame  pass 
through  the  platinum  into  the  focus  tube,  and  thus  make 
it  softer.  If,  on  the  other  liand,  the  osmorcgulator  be  sur- 
rounded by  a  metal  sleeve,  and  this  sleeve  be  heated,  there 
will  be  no  free  hydrogen  in  the  region  outside  the  platinum 
tube,  and  the  hydrogen  in  the  focus  tube  will  dil^use  out 
through  the  platinum,  thus  increasing  the  vacuum  in  the 
focus  tube  and  making  it  harder. 
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196.  The  Villard  valve. — In  a  focus  tube  the  normal 
current  encounters  greater  resistance  ttian  the  reverse  cur* 
roit.  On  account  of  the  position  of  the  anticalhode.  it  i* 
easier  for  a  current  to  pass  in  the  re\'ersc  direction  from 


JWiWA^ 


A.— Focui  tobe  and  VilUrd 
valve  in  s«rJM^  The  *null 
electrode  of  llie  v»lvc  con- 
nected to  the  positive  pole 
of  the  coil. 


B.— FocuK  tube  and  Villard 
valrc  in  8cri«s.  The  Urge 
cleciTode  of  the  valve  coih 
nevteiJ  to  the  negative  pole 
of  the  coiL 

.A. 
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C— Focus  lube  and  Villard  raire  in  parallel.    The  laree  elec- 

trode  of  the  valrc  connected  la  the  po*itive  pole  of  the 

coiliand  the  small  electrode  to  the  negative  pole. 

Fig.  39 

the  anticathode  to  the  cathode  of  the  tube  than  in  the  nor- 
mal direction.  So  much  is  this  the  aise  that  the  weaker 
reverse  curreni  of  "niake"  will  oflai  pas*  as  easily  as  the 
stronger  "break"  current.  In  this  case  the  focus  tube  will 
work  badly,  shewing  patdics  and  stria* — signs  of  the  passage 
of  the  inverse  currtaiL 
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Not  only  does  this  produce  irregular  illumination.  Init  ttl 
causes  metallic  evaporation  from  the  platinum  of  the  anti-' 
cathode,  since  the  latter  will  i»  alternate  phases  act  as  a 
cathode,  with  all  tlie  attendant  evils  of  hardening  of  the 
tube  and  metallisation  of  the  glass.     I'illard's  valve  is  de- 
signed to  oppose  a  greater  resistance  to  the  inverse  cur- 
rent than  to  the  direct  current,  and  thus  to  counter-balance 
the  unfavourable  inequality  of  resistance  in  the  focus  tube. 
It  is  based  on  tlie  principle  that  t)ie  cathodic  aiTlux  will  form 
witli  greater  facility,  aii<l  lliercforc  the  resistance  will 
less,  when  the  cathode  has  a  large  surface  and  is  placed  in' 
a  free  space. 

Consider  an  alternating  aim'nt  with  equal  phases  passing 
through  a  vacuum  tube  with  unequal  electrodes,  the  size 
and  position  of  (he  electrodes  may  be  so  adjusted  that  only 
one  phase  of  the  current  will  pass,  tis.,  that  in  which  the 
large  electrode  acts  as  cathode. 

A  Villard  valve  is  a  pear-shaped  vacuum  tube  with  an 
electrode  of  laige  surface  placed  in  the  open  part  of  the 
tube  and  a  small  electrode  placed  in  a  narrow  neck  at  one 
end.  It  may  be  cither  mounted  in  scries  with  the  focus 
tube  or  in  parallel.    Fig.  39. 

197.  Appearance  of  a  live  focus  tube. — When  a  focus 
tube  is  working  well  ic,  when  the  rays  emitted  are  of 
medium  hardness  and  there  is  no  inverse  current  passing 
through  the  tube,  its  appearance  is  like  that  already  de- 
scribed in  par.  183.  The  chief  characteristic  of  such  a 
tube  is  the  intense  green  or  bluish  fluorescence  over  one 
half  of  the  tube,  the  boundary  in  the  plane  of  the  anti- 
cathode  being  sharply  dcfmcd. 

\Micii  a  tube  sitews  strise  and  inequalities  or  spots  in 
the  fluorescence,  it  is  either  dirty  or  it  is  traversed  by  inverse 
currents.    The  first  defect  can  be  remedied  by  wasliing 


.  with  soap  and  water  and  alcohol ;  the  second  may  be 
[  obviated  by  interposing  a  properly  adjusted  Villard  valve. 
If  a  tube  is  poorly  illuminated,  or  shews  a  faded  yellow 
colour,  it  is  probably  an  old  tube  which  had  become  loo 
hard,  whereas  lE  the  illumination  is  intermittent,  the  io- 
terniptor  of  the  coil  is  probably  working  irrcpularly,  so 
thai  the  difference  of  potential  is  not  the  same  for  each 
vibration.  It  may  be  corrected  by  adjusting  the  break, 
warming  the  focus  lube,  or  regulating  the  Villard  valves. 

III^— Characttr  and  mode  of  emploimient  of  the  X-t*y*. 

19S.  General  considerations. — In  the  study  of  X-rays 
we  have  to  consider, 

(A)  The  inlensity  of  illumination  of  the  different  rones 
of  the  irradiated  area. 

(B)  TI1C  method  of  illuminating  objects  in  the  irradiated 
i  area. 

(C)  The  mode  of  propagation,  velocity  and  wave  length 
of  the  X-ray  vibrations. 

(D)  The  chemical  and  physical  effect  of  the  X-rays. 

199.  Intensity  of  irradijition  at  different  parts  of  the 
irradiated  area. — Since  the  calhodic  beam  is  concentrated 
on  less  than  one  square  milliiiwtre  of  the  surface  of  the 
anticathode,  the  X-rays  emitted  may  be  considered  as 
radiating  from  a  single  point. 

The  intensity  of  irradiation  is  almost  uniform  over  the 
whole  irradiated  area,  except  just  at  the  periphery  where 
the  rays  are  nearly  parallel  to  the  surface.  The  intensity 
of  irradiation  is  no  greater  in  the  centre  than  on  the  cir- 
cumference of  the  field  of  irradiation.     (C9uy.) 

There  is  no  advantage  in  using  the  rays  which  issue 
normally  to  the  anticathode.  Indeed  it  is  sometimes  ad- 
vantageous to  use  other  portions  of  the  field. 
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300.  lUumiiution  of  objecU  by  X-nys. — ^Thc  laws  of 
illuminalion  applicable  to   X-rays  arc  the  same  as  the, 
optical   laws  of   illumination   from   a   luminous  surface^ 
rather  than  from  a  point 

In  the  case  of  the  focus  tube,  the  luminous  area  is  oval, 
since  the  anticathodc  cuts  ihe  cone  of  calliode  rays  at  an 
angle  of  45°.    The  major  axis  of  this  ellipse  is  in  the  planej 
passing  through  the  axis  of  the  anticathodc,  the  cathode 
and  the  anode. 

Since  the  source  of  illuminalion  is  an  elliptical  surface, 
instead  of  a  point,  every  object  illuminated  will  stiow  a 
penumbra  around  its  shadow,  and  thus  wc  may  get  all 
the  illusions  familiar  in  optical  phenomena. 

The  apparent  diameter  of  the  luminous  surface  will  be 
greatest  when  viewed  in  the  direction  of  the  ray  normal 
to  the  centre  of  the  anticathodc.  It  will  appear  circular 
when  viewed  at  an  angle  with  this  normal  ray  equni  and 
opposite  to  the  angle  of  the  cathode  ray  with  the  normal 
ray.  Hence,  for  radiography,  we  place  the  body  to  be 
illuminated  in  the  direction  whidi  the  cathode  rays  would 
take  after  reflection  by  the  anticathode,  if  the  cathode  rays 
were  rays  of  light.  In  this  position  the  penumbra  is 
equal  in  all  directions  and  therefore  it  should  be  diosen 
for  all  radiographic  work  where  a  clear  definition  is  re- 
quired. 

301.  X-rays  emitted  by  the  walls  of  the  focus  tube. — 
As  a  rule  the  X-rays  generated  by  the  impact  of  the  dif- 
fused cathode  rays  on  Ihe  glass  walls  of  the  tube  arc  so 
feeble  as  to  be  negligible.  In  certain  cases,  however, 
they  may  be  a  source  of  inconvenience.  This  may  be 
obviated  by  interposing  a  lead  diaphragm  between  the 
focus  tube  and  the  (luorcsccnt  screen.  The  aperture  in 
the  diaphragm  is  so  adjusted  as  to  cut  off  all  e;:cept  the 
useful  pencil  of  rays. 
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A  penumbra  will  be  visible  if  th«  rays  are  powerful 
enough,  even  after  all  possible  precautions  have  been 
taken. 

202,  Propagation  of  the  X-rays. — X-rays  arc  propa- 
gated in  straight  lines.  They  are  incapable  of  reflection, 
refraction  or  diflTraetion, 

Secondary  X-rays  arc  emitted  by  all  bodies  on  wbich 
the  primary  X-rays  impinge.  These  secondary  Irradia- 
tions arc  emitted  in  all  directions,  both  at  the  point  where 
the  X-rays  impinge  on  a  body  and  at  Ihc  point  where  they 
emerge,  after  traversing  the  body.  The  quality  of  the 
secondar>-  radiations  varies  with  the  nature  of  the  bo<ly 
interposed,  and  with  the  quality  ol  the  X-rays  giving  rise 
to  them. 

Secondary  rays  may  furtlwr  give  rise  to  tertiary  rays, 
The  production  of  these  secondary  and  tertiary  X-rays  is 
a  frequent  cause  of  fogging  of  the  photographic  plate  in 
radiography. 

203.  Transparency  of  bodies  to  the  X-rays — Bcnoist's 
law, — Benoist  has  investigated  the  laws  which  govern  the 
transparency  of  various  bodies  to  tlw  X-rays.    They  arc: 

(i)  The  specHic  opacity  of  any  $ub.siancc  is  independent 
of  (he  physical  state  of  that  substance.  For  a  given  sub- 
staiKe,  the  opacity  is  merely  a  function  of  its  mass,  and  is 
the  same  whether  Ihc  body  is  in  the  solid,  liquid,  or  gaseous 
state. 

(2)  The  specific  opacity  is  independent  of  tlie  molecular 
or  atomic  grouping  of  the  substance,  whether  crystalline 
or  amorphous,  or  of  various  allotropic  modifications. 

(3)  The  specific  opacity  is  the  same  whether  the  atoms 
are  free  or  in  ctiemical  combination,  and  the  troMpareticy 
equivalent  of  a  mixture  can  be  calculated  from  a  knowledge 
of  the  transparency  equivalents  of  its  constituent  parts. 
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BtHoist  takes  as  a  unit  the  transparency  of  a  cyliiuler 
of  parafiin  wax  75  millitnctrcs  long  and  one  square  centi- 
metre  in  cross  scclioo.  The  Irattsporttscy  equivalent  of  a 
snbstancc  is  tlie  mass  in  tlecigranunes  of  a  c)'lindcr  of  the 
I  Substance  one  square  centimetre  in  cross  section  and  of  such 
a  height  that  it  is  of  the  same  transparenc)'  as  the  cyhnder 
of  paraffin  wax. 

(4)  For  X-rays  of  any  given  penetratton,  llic  specific 
opacity  of  an  element  is  a  rixc<J  function  of  its  atomic  weight. 
This  is  a  most  important  fact.  1  f  we  take  X-rays  of  definite 
penetration,  a  given  substance,  whatever  its  form,  its  state 
of  combination  or  mixtnre,  will  have  the  same  transparency 
equivalent.  A  determination  of  this  transparency  equiva- 
lent may  therefore  give  valuable  information  as  to  the  com- 
position of  an  unknown  body. 

For  example,  organic  matter  free  from  admixture  has  an 
equivalent  somen'hat  abo\-e  40.  If  mineral  matter  is  added, 
this  equivalent  becomes  lowered,  since  the  atomic  wdght 
of  the  mineral  is  higher  than  that  of  any  of  the  consiito- 
cnts  of  tlie  organic  matter. 

On  the  other  hand,  the  quality  of  the  X-rays  employed 
may  be  determined  by  comparing  the  transparency  of  a 
body  of  known  transparency  with  that  of  different  thick- 
nesses of  some  standard  substance  such  as  aluminium.  This 
n  the  principle  of  the  radiochromomcter. 

204.  .Benoist's  radiochromometer, — Benoisfs  radio- 
chromomctcr  is  an  instrument  which  enables  us  to  compare 
the  transparency  of  a  standard  plate  of  silver  with  that  of 
various  thicknesses  of  aluminium.  The  plate  of  silver  is  .11 
ntm.  thick.  For  X-rays  of  medium  penetration  this  has 
the  same  transparency  as  Benoisfs  standard  paraffin  block 
75  nun.  in  thickness.    Around  the  central  silver  plate  are 
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placed  twelve  sectors  of  aluminium  of  thickness  varying 
from  I  to  13  mm. 

In  order  to  estimate  the  penetration  of  the  rays  given 
off  by  a  fociis  tube,  Ihc  tube  is  viewed  through  the  radio* 
chromomelCT  and  a  fluorescent  screen.  Some  two  or  tliree 
sectors  will  appear  of  about  the  same  transparency  as  the 
silver  disc  in  the  centre.  The  middle  one  of  these  is  taken 
to  denote  the  quality  of  the  X-rays  under  investigation.  By 
this  means  we  are  aUc  to  measure  attd  give  a  numerical 
value  to  the  penetration  of  tlie  rays  emitted  by  a  focus 
tube. 

305.  HoUknecht's  chromoradiometcr  and  Sabouraud 
and  Notr£'s  reagetiL — HolsknecM  has  designed  an  appa- 
ratus which  he  terms  a  chromoradiometcr,  to  measure  the 
dose  in  X-ray  treatment.  The  physiolc^cal  or  thcrapctilic 
action  of  t>K  X-rays  is  proportional  to  the  quantity  absorbed. 
Mighty  penetrating  rays  which  pass  llirough  the  body  witli- 
out  being  absorbed  are  almost  without  tiicrapeutic  effect. 
Goldstein  found  thM  the  colour  of  certain  salts  is  changed 
by  exposure  to  the  cathode  rays.  Ilolsknccht  observed 
that  the  X-rays  produce  a  similar  effect,  and  that  the 
amount  of  change  is  proportional  to  llic  quantity  of  X- 
rays  absorbed.  Hence  lie  makes  use  of  the  colour  diange 
of  one  of  these  salts  to  indicate  the  quantity  of  rays  ab- 
sorbed. 

X-rays,  cathode  rays,  and  radioactive  bodies  have  a  sim- 
ilar effect  on  these  salts.  A  solution  of  chemically  pure 
chloride  of  sodium  is  cokKirol  yellow  by  the  rays.  The 
colour  effect  is  the  same  if  it  is  mixed  with  pure  sodium 
sulpliate,  tlioiigli  the  latter  salt  alone  is  not  coloured  by 
the  rays.  If  the  two  salts  are  fused  together,  tltey  wilt  on 
cooling  exhibit  a  ptnkish-violct  colour,  and  the  solution  of 
this  mixture  is  stable. 
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The  action  of  the  X-rays  on  these  salts  serves  to  explain 
the  principle  of  Hohknccht's  chromoradiomctcr,  although 
the  actual  composition  of  the  salt  h«  us«s  is  kept  secret. 
The  salt  is  enclosed  in  small  capsules  mounted  on  a  card. 

A  graduated  scale  formed  of  twelve  such  capsules  serves 
as  a  standard  with  which  to  compare  the  degree  of  coloura- 
tion. Holsknechl's  unit  of  measurement  is  an  arbitrary 
one  and  is  designated  by  the  letter  H.  A  new  atpsule  is 
required  for  each  case,  but  the  same  capsule  may  be  used 
several  times  for  one  patient  since  if  care  Is  taken  to  exclude 
light  it  will  preserve  its  colour  from  one  sitting  to  the  next. 

This  method  of  measurement  promises  to  be  a  very  val- 
uable one,  when  the  unit  has  been  clearly  defined,  and  the 
doses  suitable  for  cacli  case  have  been  determined.  It  has, 
however,  one  drawbadc.  The  darkening  of  the  reagent  con- 
tinues for  some  time  after  the  irradiation  has  ceased. 

In  France  Sabouraud  and  Loire's  discs  are  generally 
used  for  measuring  ttie  quantity  of  radiation.  Tltey  consist 
of  barium  plalinocyanide  paper  similar  to  that  used  for 
the  fluorescent  screen.  Tlie  disc  is  placed  8  cm.  from  the 
anticathode,  the  distance  of  the  patient  being  15  cm.  Plat- 
inocyanidc  of  barium  prows  darker  under  the  influciKC  of 
the  X-ra>*s,  but  rapidly  regains  its  original  colour  on  ex- 
posure to  dayligliU 

The  standard  scale  used  with  this  instrument  gives  three 
tints. 

(i)  The  colour  of  the  unirradiated  platinocyanide  disc. 

(2)  The  colour  of  a  disc  which  has  absorbed  a  quantity 
of  rays  corresponding  to  4  II  in  tiohktierht's  units.  This 
is  the  dose  required  to  give  the  first  degree  of  radiodermic 
reaction. 

(3)  The  colour  of  a  disc  which  has  absorbed  53^  H, 
the  maximum  dose  permissible  witliout  injury  to  the  skin. 
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206.  lonisation  by  X-rays, — X-rays  have  the  properly 
of  ionising  aiiy  gas  which  tiicy  traverse,  i.e..  of  decom- 
posing the  molccutcs  of  the  gas  into  posilive  and  negative 
ions.  Hence  all  clertrifted  bodies  are  diSiCharged  when 
subjected  to  the  influence  of  liie  X-rays. 

a07.  Discbarge  of  electrified  conductors. — Benoisf. 
Dufour.  Right  and  J.  J.  Thomson  have  investigated  the 
behaviour  of  chatted  bodies  when  .subjected  to  l!ie  in- 
fluence of  X-rays.  A  charged  electroscope  is  at  once  dis- 
charged by  a  beam  of  X-rays  directed  upon  it,  Tlic  rate 
of  discharge  increases  as  the  pressure  of  the  ionised  gas  is 
increased,  and  it  also  varies  witli  the  nature  of  the  gas  and 
with  the  nature  of  the  metallic  leaves. 

It  is  not  necex*ary  for  (Ik-  beam  of  X-rays  to  impinge  on 
the  metal  leaves;  it  is  sufficient  if  it  passes  through  the 
surrounding  air,  the  ntetal  being  then  discharged  by  elec- 
tric convection. 

Secondary  rays  are  alfo  capable  of  discliarging  an  elec- 
troscope.    (Siignae.) 

The  same  plienomcnon  is  observed  when  a  beam  of  ultra> 
violet  light  is  directed  on  the  electroscope,  but  in  this  case 
the  instrument  is  only  discharged  if  the  charge  which  it 
had  received  was  negative.  This  may  not  be  a  fundamental 
difference  betweeii  the  two  forms  of  radiation.  Indeed. 
Unard's  ultraviolet  rays,  like  t)ie  X-rays,  are  capable  of 
discharging  bodies  charged  with  either  positive  or  n^a- 
tivc  electricity. 

306.  Emission  of  negative  charges  by  metals  irradi- 
ated by  the  X-rays.— CwnV  and  Sagnai-  have  fotmd  tliat 
when  placed  in  vacuo  metals  irradiated  by  the  X-rays 
emit  negative  charges  as  well  as  secondary  X-rays.  Tliis 
is  analogous  to  the  negative  charges  emitted  by  metals 
under  the  influence  of  ultra-violet  liglit     It  is  now  gener- 
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ally  admitted  that  when  X-rays  impinge  on  a  metal  ipj 
vacuo,  the  latter  cmit»  cathode  rays  similar  to  those  pre 
duced  in  a  Crookes  tube,  or  by  a  radioactive  body. 

209.  Condensation  of  vrater  vapour  in  supersstuiated 
air. — lyUson  found  that  in  common  witli  ultra-violol  rays, 
the  X-rays  possess  the  property  of  condensing  the  aqueous 
vapour  in  supersaturated  air. 

210.  Velocity  of  X-rays. — According  to  Blondlot,  the 
velocity  of  propagation  of  the  Rontgcn  rays  is  the  same 
as  that  of  the  Hertzian  waves  and  light  waves,  i.e.,  about 
300,000  kilometres  per  secood. 

31 1.  Action  of  X-rays  on  fluorescent  substances.^ 
Certain  subsunccs,  such  as  barium  platinocyanidc,  becomes 
fluorescent  on  exposure  to  the  Rontgen  rays.  If  the  ex- 
posure is  prolonged,  the  platinoc>'anide  becomes  brown,  and 
tliis  colour  persists  so  long  as  the  screen  is  kept  in  tlie 
daric.  Tlie  discoktured  salt  is  much  less  sensitive  to  the 
X-rays,  but  its  original  colour  and  sensitiveness  can  be  re- 
stored by  exposure  to  sunlight.  It  is  therefore  advisable 
always  to  expose  the  fluorescent  screen  to  daylight  after 
use. 

212.  Photographic  action  of  the  X-rays. — X-rays,  like 
ordinary  light,  arc  capable  of  affecting  a  photographic 
plate,  which  may  then  be  developed  in  the  ordinary  way, 
to  give  a  photographic  negative.  When  a  transparent  radio- 
graph or  dhposilht  is  required,  it  is  obtained  by  taking  a 
photograph  of  the  X-ray  negative  with  the  ordinary  photo- 
graphic apparatus. 

213.  To  obtain  a  positive  radiograph  directly. — The 
action  of  hght  and  the  X-rays  on  a  photographic  plate, 
(Iratigh  similar,  is  nevertheless  antagonistic.  The  impression 
of  a  radiograph  on  a  photographic  plate  is  destroyed  by 
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exposure  to  light,  even  to  the  infra-red  rays  of  tlie  spectrum. 
Tills  enables  us  to  obtain  a  positive  directly  on  the  photo* 
graphic  plate.  An  ordinary  r&diograpli  is  taken  aivl  itie  plate 
is  exposed  to  daylight  for  a  sufficient  time  to  destroy  the 
impression  caused  by  the  X-rays.  The  inverse  image  thus 
formed  is  then  drvcloped.  The  shadows  on  this  plaic  will 
appear  dark,  and  the  portions  of  the  plate  which  were  most 
irradiated  will  remain  white,  owing  to  the  neutralisation  of 
the  two  effects. 

tV.    Application  of  X-r«y«  in  Hedlcine  and  Surtety. 

214.  Radioscopy  and  radiography. — I.  I-'or  ordinary 
processes  of  radioMropy  and  radiography,  where  great  ac- 
curacy is  not  required,  the  focus  tube  may  be  supported  by 
a  clamp  on  any  of  the  ordinary  movable  stands,  and  the 
patient  may  be  placed  in  whatever  position  is  most  con- 
venient for  the  particular  operation  required. 

n.  For  clinical  radioscopy  or  radiography,  a  horizontal 
or  inclined  couch  should  be  used,  with  3  support  for  the 
focus  tube  so  designed  that  it  can  move  freely  in  a  plane 
parallel  to  the  couch.  This  mo%-ab)e  support  may  be  either 
above  or  below  the  couch,  and  there  are  numerous  appli- 
ances designed  for  this  purpose.  It  is  well  also  to  have 
an  arrangement  for  the  examination  of  the  patient  in  a 
vertical  po^ition.  In  this  case  the  support  for  ihe  tulie 
should  permit  of  ils  l>cing  mo\'ed  in  any  direction  in  a 
vertical  plane.  The  arrangement  shewn  in  Fig.  40,  which 
I  devised  some  years  ago,  is  now  very  generally  adojilcd. 
To  this  Dr.  Bedire  has  added  an  iris  diaphragm,  which 
is  most  useful  for  clinical  work. 

III.  In  all  X-ray  work  it  is  advisable  to  intcrpOK  a 
sheet  of  aluminitmi  between  the  focus  tube  and  the  patient. 
This  metal  screen  should  be  connected  to  earth.  By  this 
It 
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means  any  accidental  sparicts:^  of  the  patient  is  avtndcd, 
the  static  field  is  mpprc«sc(l,  and  the  injurious  eilect  of 
the  less  penetrating  X>ra>-s  is  oln-iated. 


Fig.  «x 

315.  Radioscopy  and  Radiography  of  Precision.— 
When  great  accuracy  is  required,  as  in  the  determination 
of  the  exact  position  of  a  foreign  body,  measurement  of 
the  size  of  an  organ,  orthogonal  projection,  etc..  we  require 
some  means  of  determining  the  direction  of  the  incident 
ray.  This  is  generally  accomplished  by  placing  crossed 
wires  in  front  of  the  focus  tube  in  the  path  of  the  incident 
My.  usually  the  ray  which  is  normal  to  the  irradiated  sur- 
face. In  order  to  place  this  itidic^itor  in  position,  a  pointer 
is  fixed  ai  right  angles  to  ilie  plane  of  the  crossed  wires, 
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th«  whole  moved  about  until  Uie  shadow  of  the  pointer 
shews  as  a  circular  spot  on  the  fluorescent  screen.  Instead 
of  the  pointer,  a  second  pair  of  crossed  wires  may  be  era- 
ployed,  or  the  direction  of  the  ray  may  be  marked  by  a 
goniometer  specially  designed  for  this  purpose.  The  gonio- 
meter is  the  <HiIy  practicable  means  of  dctcmuning  the 
angle  of  incidence  when  it  is  desired  to  use  oblique  irra- 
.dtation. ' 

Norma)  projection  may  be  obtained  directly  on  the  ordin- 
ary fluorcKcnt  screen,  or  on  a  second  screen  placed  parallel 
to  tlie  lirst  or  examining  screen,  as  in  the  orthodiagraph 
described  above. 
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3161.  Sterioscopic  projections. —  In  sterioscoiMc  radiog- 
raphy wc  obtain  two  perspective  views  of  the  same  object, 
which,  when  looked  at  through  an  ordinary  stereoscope,  give 
the  appearance  of  relief.  This  gives  a  better  idea  of  tile 
relative  position  of  the  difTerent  or^ns. 

It  may  also  be  employed  in  Steriometry,  i.e.,  the  quanti- 
tative estimation  of  the  position  of  an  opaque  body  in  rela- 
tion to  certain  fixed  points.  (See  Bouchard's  Traitc  de 
Radiologic  medicale,  p,  574.) 

The  apparatus  for  stereoscopic  radioscopy  is  designed 
to  give  two  intermittent  images  which  form  two  distinct 
perspective  views,  so  arranged  that  one  shall  be  observed 
by  the  left  and  the  other  by  the  right  eye.  The  right 
hand  image  is  eclipsed  just  as  the  left  eye  piece  is  covered. 

'c  thus  see  the  two  images  alternately,  the  left  hand  image 
with  the  right  eye,  and  the  right  hand  image  with  the  left 
eye. 


*  The  radioKon IOmeter  in  an  s[ip<)ratiifi  which  raeaiFures  ttie  Jn- 
cltnatton  of  the  tnddenl  ray  on  two  planes  al  rieht  angles  to 
aoother.—J'roifi  d*  radiologie  mf4*eat*,  Boucharii. 
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217-  Endodiascopy. — TTic  process  of  endodiascopr  in- 
tToduccd  by  Boiichacourl  consists  in  introducing  a  specially 
constructed  focus  tube  into  tlie  various  cavities  o£  the  body. 
The  walls  of  the  tube  are  kept  at  ibe  same  electric  polcntia! 
as  the  earth.  The  instrument  niay  also  be  used  for  radio- 
scopy, with  Ihc  focus  tube  in  contact  witli  the  skin.  {Traite 
de  Radiologic  mcdicale,  p.  606.), 


CHAPTER   VIL 


OALVANO-CAUTERY. 


3i8.  Electro-cautery. — An  electric  cautery  consists  of 
a  pUiiniim  wire  or  plate  of  appropriate  shape,  which  ia 
heated  by  the  pa&sage  of  an  electric  current,  either  continti* 
ous  or  alternating. 

Ekctric  cauteries  have  a.  very  low  resistance,  varying 
from  -I  ohms  lo  j02  ohms,  or  even  less.  To  heat  the 
cautery  to  incandescence  may  mjtiirc  from  five  up  to  twenty 
or  even  thirty  amperes.  The  voltage  at  the  tenninaU  of 
the  battery  must  therefore  be  from  2  to  to  volts.  The  volt- 
age required  for  3  given  cautery  may  be  calculated  from 
its  resistance  and  the  current  by  OAnr's  law.    V  =  RI. 

219.  Source  of  electricity  for  the  electric  Cautery. — 
Since  a  cautery  needs  a  large  current  at  a  low  potential, 
it  is  best  heated  by  means  of  accumulators,  galvanic  batter- 
ies with  large  plates,  or  dynamos  of  low  voltage. 

As  a  rule,  we  use  the  most  available  source,  which  is 
probably  of  higher  voltage  than  that  required  for  the  cau- 
tery. 

Usually  the  choice  lies  between  the  use  of  a  galvanic 
battery  or  acaimulutors  and  a  current  of  high  voltage  as 
sttpplied  from  the  public  main. 

aao.  Galvanic  cells  and  Accumulators. — Galvanic 
cells  arc  very  useful  when  no  other  source  of  electricity 
is  available.  Cells  with  large  plates  should  be  chosen,  and 
these  should  he  joined  up  in  series  and  parallel  so  as  to  give 
a  pressure  of  2  to  6  volts  and  a  current  of  5  lo  20  amperes, 
according  to  the  cautery  employed. 
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Whenever  practicable,  accumulators  gbouh)  be  preferred 
u  they  arc  much  more  convenient.  Two  accuinuIator&  in 
series  arc  usually  sufficient  for  a  cautery.  A  portable  ac- 
cumulator, yicltling  25  ampere  hours,  is  a  oscfu)  size  for 
this  purpose. 

An  accumulator  is,  however,  more  likely  to  be  damagc<l 
by  using  it  for  the  cautery  than  in  any  other  way,  since 
the  current  is  gcircrally  greater  than  tlie  accumulator  is  able 
to  supply  with  due  regard  to  the  life  of  the  plates. 

32t.  Use  of  the  current  from  the  public  mains  for  the 
electric  cautery. — This  is  the  most  convenient  source,  but 
it  is  llic  most  difficult  to  employ  satisfactorily.  If  we  use  _ 
a  current  of  110  volts  directly  to  heat  a  cautery  which  re-  ■ 
quires  6  volts  and  to  amperes,  we  must  expend  104  X  10, 
or  1040  watts,  of  whicli  only  60  watts  are  used  in  the  cau- 
tery.  For  this  reason  the  use  of  a  transformer  is  much  more 
economical.  On  the  other  hand,  a  current  of  high  voltage 
is  often  very  convenient,  and  we  wit)  therefore  proceed  to 
enumerate  the  best  methods  of  utilising  it, 

(a)  Alternating  current  from  the  mku'rj. — In  this  case 
a  transformer  with  closed  magnetic  circuit  specially  de- 
signed for  use  with  the  cautery  must  be  employed.  The 
apparatus  is  light,  cheap  and  very  eflkient.  A  small  current  I 
of  about  one  ampere  in  the  primary,  witli  a  pressure  of  1  to  ' 
volts,  is  transformed  into  a  large  current  of  low  voltage,  10 
amperes  at  10  volts. 

This  is  the  ideal  form  of  transformer.  Wljen  it  is  used 
the  only  other  apparatus  required  is  a  low  resistance  rheo- 
stat in  series  with  the  cautery. 

(b)  Continuous  current  from  the  mains. — When  em- 
ploying a  continuous  current  at  hifjh  potential  for  electro- 
cautery, a  method  much  practised  in  Germany  is  to  use  a 
transformer  with  open  ma^ettc  circuit.  The  transfomtcr 
is  in  fact  a  RulmikoriT  coil  in  which  the  thin  wire  acts  as  a 
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pnniar\',  and  the  thick  wire  as  secondary.  Ttiis  is,  however, 
expensive,  and  necessitates  the  use  of  an  intemiptor — always 
a  source  of  difficulty.  Rotary  transformers  are  also  subject 
to  the  same  objection. 

It  is  better  to  resign  oneself  to  the  waste  of  energ^y,  and 
to  use  the  current  directly,  with  the  interposition  of  hij^i 
resistances.  The  ordinary  rheostat  in  scries  with  the  cau- 
tery is  not  sufficient.  A  shunt  circuit  must  be  employed 
as  a  "potential  reducer,"  the  arrangeiiient  of  ihc  resistances 
being  that  already  described  in  par.  88. 

Suppose,  for  instance,  we  were  using  a  cautery  of  .3  ohms 
resistance,  requiring  a  current  of  10  amperes  with  the  re- 
sistance in  series  with  the  cautery.  If  the  pressure  in  the 
mains  is  1 10  volts  a  spark  woulJ  pass  across  the  interniptor 
in  the  handle  of  the  cautery  on  breaking  the  current.  This 
spark  would  Iiavc  an  energy  of  1 100  watts,  enough  to  de- 
stroy the  terminals  of  the  interrupter,  or  to  produce  con- 
tinuous sparking  if  the  insulation  were  defective. 

This  cnei^  of  the  extra  spack  will  be  greatly  reduced 
if  the  cautery  is  introduced  into  a  shunt  circuit.  Suppose 
we  have  a  resistance  of  10  ohms  in  the  main  circuit,  and 
the  cautery  of  .3  olmis  in  the  shunt  circuit.  Let  tluil  por- 
tion of  the  main  resistance  placed  in  parallel  with  the  cau- 
tery be  so  adjusted  that  a  current  of  10  amperes  will  pass 
through  the  cautery  when  one  ampere  passes  through 
the  main  circuit.  When  the  cautcr>-  is  in  use.  the  total 
""^■>E>'  pas,sing  through  the  circuit  will  be  1 1  X  I  to  =  i2!o 
watts.  When  the  current  in  tlie  cautery  is  cut  off  the  total 
resistance  will  be  increased  froiii  10  olims  to  12.73  ohms,  and 
the  energy  of  the  current  will  drop  from  1210  to  948  watts. 


IM 


fUT  I — CBArm  va 


The  break  sparit  will  therefore  in  this  case  onl;  correijxmd 
to  an  energy  of  262  watts.' 

This  &park  moreover  n-ill  6niJ  an  altenutive  route  through 
the  main  circuit,  and  it*  effect  on  the  interniptor  will  tiiere- 
fore  be  reduced  to  a  minimum. 

The  usual  method  of  arraitgcmcnt  in  the  poteattal  re- 
ducer is  to  use  an  invariable  resistance  of  10  to  20  ohms 
in  the  main  circuit,  and  to  place  the  cautery  in  parallel  with 
an  adjustable  resistance  of  3  to  5  ohms. 

'  Lcl  i"  be  the  current  through  the  cautery  and  R*  tts  resist- 
ance.— !■  the  current  ihroufih  th«  simnt.  and  R*  it*  rextitance. 
In  the  iitiove  example  I*  R'  :=  I«  Re  =  3  rolls,  since  the  current 
I"  is  10  ampoei  and  the  resistance  R«  ia.J  ohins.  If  I"  the 
cnrrent  ihroiigh  ihc  shunt  ip  i  ampere,  R"  musi  be  3  ohms. 
R,  the  equivalent  resistance  of  R»  and  R<,  is  therefore  .txjohms. 

The  resistance  of  Ihc  rest  of  the  circuit  is  10  — ^3  =  9-73? 
ohms.  If  to  thi.H  be  added  the  resistance  R"  =  3  ohms,  we  Kct 
a  total  resisuncc  of  12.73  ohms  when  the  cautery  is  not  in  use. 


CHAPTER  Vin. 

OZONISATION. 


222.  Method  of  producing  ozone. — Ozone  (oCif,  odour) 
is  an  allotropic  modificntion  of  oxygen.  Whereas  the  oxygen 
molecules  Oj  consi-sts  of  two  atoms  of  oxygen,  tlic  ozone 
molecule  O,  contains  three  sudi  atoms,  llie  earliest  observa- 
tions on  ozone  were  made  by  fdn  Alarum  in  1779,  and 
SchoenbetN  in  1840, 

Ozone,  wliicli  exists  in  small  quantities  in  the  atmosptiere, 
may  be  produced  anilicially  b)*  several  methods,  llie  most 
practical  of  which  is  electricity.  The  eflleuve  discharge,  in 
air  or  oxygen,  of  conductors  charged  to  a  high  potential  is 
accompanied  by  a  production  of  ozone. 

Berthelol's  oionc  pcncrator  is  the  one  generally  used  in  the 
laboratory.  It  consists  of  a  glass  tube  tilled  with  dilute  sul- 
phuric acid,  surrounded  by  a  second  tube  dipping  into  a  shal- 
low vessel  filled  with  the  same  solution.  The  space  between 
the  two  tubes  is  traversed  by  a  current  of  air  or  oxygen.  A 
current  from  an  induction  coil  is  passed  through  the  appa- 
ratus, one  terminal  being  connected  to  the  solution  in  the 
inner  tube,  and  the  other  to  that  in  tlic  shallow  vessel.  Elec- 
tric discharges  occur  across  the  space  bctweai  the  tubes  and 
thus  convert  part  of  the  oxygen  into  ozone. 

The  generators  of  ozone  used  in  medicine  are  of  three 
types,  the  Houzeau  generator,  electrostatic  generators,  and 
high  frequency  generators.  ^ 

223.  Ozone  generators  of  Houzeau,  Labb£,  and  Oudin. 
— All  these  make  use  of  the  discharges  from  an  induction 
coi!  for  the  production  of  ozone.    A  glass  tube  covered  with 
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altiminium  toi\  or  aluminiiim  wire,  is  connected  with  one 
tefminal  of  an  induction  coil.    An  aluminium  rod  connected 
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to  the  olh«r  lerniiiial  o(  Uw  coil  passes  down  the  centre  of 
(he  lube.  Aluminium  is  diosen,  since  it  is  less  readily  0x1- 
diMbl«  than  most  metals. 

Tile  output  of  ozone  is  very  small.  Bordier  has  shown 
that  although  the  prescnci:  of  ozone  can  be  distinctly  recog- 
niKcI  by  the  »mell,  the  amount  is  so  minute  at  to  be  prac- 
tically uselriis  for  physiological  or  therapeutic  work. 

324.  Electrostatic  ozone  generators. — There  is  a 
noticeable  production  of  ozone  at  the  poles  of  an  electro- 
rtatic  machine.  Bordic^s  experiments,  however,  show  llial 
with  a  \Vini«hur$t  machine  of  medium  size,  only  a  fraction 
of  a  millegramnve  of  otone  is  generated  in  an  hour.  The 
same  quantity  i«  priMlueed  at  both  poles,  and  is  proportional 
to  the  output  of  ibc  machine. 

In  Weil's  electroslatic  oaonator  a  metallic  rod  furnished 
with  a  number  of  radiating^  points  is  enclosed  in  a  b^irrel- 
shaped  glass  vessel.  The  latter  is  co\-ered  with  tin-foil 
to  about  threc-4]uaners  of  its  height.  A  current  of  air  is 
passed  through  the  vessel. 

The  central  rod  is  connected  to  the  outer  armature  of  th« 
Leyden  jar  on  the  negative  pole  of  a  Wimshurst  machine. 
The  outer  tin-foil  covering  of  the  ozonator  is  earthed,  as  is 
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alto  the  external  armature  of  the  Lcydcn  jar  on  the  positive 
pole  of  the  ifatic  madiinc.  The  arrangi-meni.  ttierefi'te. 
unites  the  advantage*  of  electrostatic  and  of  higli  frequency 
oionators. 

225.  High  frequerwy  ozone-generators. — Bordtet's  in- 
vestigations have  proicd  the  sui>erioriE>-  of  high  frequency 
currents  for  the  production  of  oxooe.  The  efllcuvc  froni  an 
Oudin  resonator,  or  from  a  fiat  spiral,  is  used  to  convert  the 
suroiiiiding  oxygen  into  oztvnc- 

UTien  sn  Oudin  resonator  is  used,  it  is  covered  with  a 
glass  globe  within  which  the  air  or  oxygen  circulates.  Ttie 
more  rapid  the  flow  of  air  through  ihe  glass  ihc  greater  will 
be  Uie  produclwn  of  ozone.     {JJordkr.)     Whca  high  fre- 


Fig.  43,— GttillMninot's  0»ne  generator. 

hcncy  spirals  are  used  the  bipolar  arraiigctnent  is  employed, 
coiU  being  enclosed  in  a  box  having  glass  ends  and  col- 
Isiblc  sides,  as  in  Fig.  42. 
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The  silent  cfflcuvc  should  be  used  and  sparking  should  be 
Kvoided  in  order  to  prevent  the  production  of  nitrous  acid. 
The  nature  of  tlie  inteiruptor  has  a  great  influence  on  the 
efficiency  of  the  apparatus.  IVehnfll'j  inlerruplor,  as  modi- 
fied by  Bordier,  gives  iDost  excellent  results. 

226.  Otto's  rotary  ozone  generator.— At  the  meeting 
of  the  French  Society  of  Civil  Engineers  in  1901.  Otio  de- 
scribed a  rotary  ozone  generator  with  movable  eicctrodcs. 
It  consists  of  a  cylindrical  vessel  of  cast  iron,  closed  at  both 
ends  bv  plates  of  glass.  Within  this  vessel  a  number  of  thin 
steel  discs  with  gaps  cut  in  their  edges  are  mounted  on  an 
insulated  axis. 

An  alternating  current  transformer  is  used,  giving  a  cur-1 
rent  of  20.000  volts,  one  terminal  being  connected  to  the  steel 
discs  and  the  other  to  the  cast  iron  cylinder.  An  arc  dis- 
cliarge  is  formed  between  the  discs  and  Uic  walls  of  the  cyl- 
inder, but  this  is  continually  interrupted  by  the  gaps  in  the 
edges  of  the  rotating  discs.  With  this  apparatus  a  consid- 
iCrablc  quantity  of  ozone  is  obtainable. 


CHAPTER    IX. 

ELECTRICITY    AS    A    GENERATOR    OF    MOTION— VfT 
BRATORY  MASSAGE— PASSIVE  GYMNASTICS.  ETC. 


«7,     Vibroth«rapy. — Elcclridly  is  also  used  to  pro- 
duce the  various  iomK  of  movement  used  in  vibrotherapj 
and  sismotherapy.    The  latter  term  was  introduced  by  Jayli 
and  Lacroix  to  designate  the  mode  of  treatment  by  mcar 
of  an  apparatus  producinf;  mechanical  vibrations.    The  ap-^ 
paratus  consists  cither  of  a  tuning  fork  with  electrically 
maintained  vibrations,  or  a  rotary  excentric  vibrator  drive 
by  a  dynamo. 

Two  types  are  employed.    In  the  first  the  motion  is  cc 
vcyed  to  the  vibrator  by  means  of  a  flexible  axis.    In 
second  a  small  motor  is  placed  within  the  vibrator  itself. 

The  former  type  is  the  more  powerful  and  more  easy  to 
regulate,  but  it  is  less  convenient,  since  in  many  positions 
the  flexible  axis  is  difficult  to  adjust. 

Vibrating  drums,  vibrating  chains,  etc,  arc  all  worked  on 
the  same  principal. 

Passive  movements  of  the  limbs  may  also  be  obtained  bj 
means  of  apparatus  driven  by  electrical  cnei^'. 


CHAPTER  X. 
PHOTOTHERAPY  AND  THERHOTHERAPT. 


226.  Apparatus. — In  this  chapter  wc  shall  omtt  all 
mention  of  apparatus  in  which  light  or  heat  are  obtained  by 
other  thaa  electrical  meaas. 

The  different  varieties  of  phototherapeutic  apparatus  arc 
all  derived  from  Finscn's  original  apparatus.  In  France 
Lortet  and  Gtnoud's  modiBcation  of  the  Finsen  light  i*  mticl) 
used.  More  rteently  Marit  has  introduced  an  arrangement 
which  unites  tite  advantages  of  ligtitness  and  convenience 
'  with  increased  power. 

23)^  The  Finsen  Light. — Phototherapy  was  introduced 
into  medicine  by  Prof.  Neils  R.  Finsen,  of  Copenhagen,  who 
employed  a  povfcrfii!  arc  lamp  of  50  to  80  amperes  at  about 
50  volts.  The  voltaic  arc  is  formed  by  the  passage  of  the 
current  through  a  small  air  gap  between  the  extremities  of 
two  carbons  connected  to  the  terminals  of  the  electric  source. 
The  hot  air  heats  the  carbons  to  incandescence,  and  since 
the  carbons  are  thus  gradually  burnt  away  they  must  be  re- 
adjusted cither  by  hand  or  by  »omc  automatic  process.  In 
FinsfM's  apparatus  four  coudomors  are  placed  around  the 
central  arc,  each  consisting  of  a  telescope  with  wooden  tubes, 
furnished  with  lense.^  of  rock  crysul.  By  this  means  the 
diverging  rays  of  the  electric  arc  arc  refracted  and  con- 
densed into  a  parallel  beam.  A  current  of  water  is  intro- 
duced between  the  two  louver  lenses  in  order  to  arrest  the 
■pusage  of  heat  and  infra-red  rays.  The  telescope  is  also 
kept  cool  by  a  current  of  cold  water  circulatii^  through  a 
sleeve  at  its  lower  end. 

The  parallel  beam  from  the  condensor  is  again  cooled  by 
passing  throi^irh  a  compressor  formed  of  two  discs  of  rode 
crystal  between  which  flows  a  second  stream  of  cold  water. 
This  compressor  is  used  not  only  to  cool  the  tissues  by  con- 
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tact,  but  in  order  to  render  them  anxmic  by  pressure.  When 
the  blood  is  thus  driven  out  the  Iiiminous  rays  arc  found  to 
penetrate  deeper  into  the  tissues.  Wlicn  the  electric  arc  is 
used  tlie  laises  slwHild  be  of  rock  crystal.  With  sunlight 
glass  lenses  will  do  equally  well.  Glass  is  opaque  to  all  rays 
less  thon  300  ji  in  length,  whereas  rock  crystal  >s  transpar- 
ent to  shorter  wave  Icn^hs  of  200  ^  Tlie  electric  arc  is 
rich  in  ultra-violet  rays  between  200  ft  and  joop  in  length, 
which  arc  the  most  potent  for  tlicrapcutic  purposes.  Sun- 
light, on  the  otiier  liand,  has  been  already  deprived  of  most 
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of  these  short  wave  vibrations  during  its  passage  tlirough 
the  atmosphere,  and  therefore  suffers  but  little  diminution 
of  its  efficacy  by  being  passed  through  lenses  of  glass. 

Finsen's  apparatus  is  vcrj-  complicated  and  very  expen- 
sive. Only  a  small  fraction  of  the  light  is  available,  since 
the  patient  is  some  four  or  five  feet  from  the  source  of  light, 
much  of  which  is  also  lost  by  absorption  and  reflection  at 
the  surface  of  the  lenses. 
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330.    Lortct  and  G«noud's  Arc  X<amp. — The  first  modi- 
fication  constructed  by  Lortel  and  Genoud  had  an  arc  lamp 
enclosed  in  a  lantern.    A  glass  globe  filled  with  cold  watc 
served  at  once  to  cool  and  condense  the  rays  and  a  com-^ 
pressor  similar  to  that  used  by  Finsat  was  employed. 

In  their  second  pattern  the  condenser  was  o>ni(ted.  Tlic 
angle  of  the  carbon*  is  so  adjusted  tliat  the  cone  o(  the  rays 
from  tlie  incandescent  crater  on  the  positive  pole  passes 
through  an  aperture  in  a  shallow  chamber  6  millimetres 
thick,  within  which  a  current  of  cold  water  circulates.  The 
arc  can  be  brought  to  within  one  or  two  centimetres  of  the 
central  orifice  of  this  disc.  The  compressor  is  the  same  as 
that  used  with  the  former  instrument. 

Dr.  Sc/iail,  of  Chambcry,  has  modified  this  apparatus  so 
as  to  make  it  available  for  use  with  an  alternating  current. 
The  electric  arc  from  a  constant  ctirrent  soon  forms  a  crater 
in  tlie  negative  carbon  and  this  restricts  the  cone  of  light, 
jvhilst  with  an  alternating  current  the  carbons  arc  both  worn 
to  a  point.  In  Schairs  arrangement  the  carbons  are  |)art1y 
imbedded  in  a  non-fusible  block  composed  of  pipe-clay  and 
oxide  of  magnesium. 

231.  Marie's  apparatus. — Tn  Mori/s  apparatus  the 
compressor  and  the  arc  lamp  are  combined  in  a  single  piece 
of  apparatus.  It  is  lighter  than  any  of  the  ottier  types,  and 
being  vcrj'  compact,  it  can  Im;  pressed  against  the  surface  to 
f>e  treated  with  considerable  force.  It  is  the  simplest,  and. 
in  our  opinion,  the  most  practical  and  powerful  lamp  availa- 
ble at  the  present  time. 

The  carbons  arc  adjusted  by  hand,  and  are  enclosed  in  a 
case  which  nay  be  suspended  at  any  height  above  the  pa- 
tient and  attached  to  the  surface  to  be  treated  by  means  of 
india-rubber  bands.  A  total  pres.*ure  of  nearly  20  pounds 
may  be  applied  by  tlicsc  bands  in  order  to  compress  the 
tissues. 
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A  number  of  quartz  objectives  of  difTercnt  sizes  Are  sup- 
plied, any  of  wliidi  will  fit  into  the  condensor.  The  water 
cooling  tnkes  place  between  two  quartz  plates.  The  posi- 
tive carbon  is  placed  perpendicular  to  the  skin,  so  that  tlie 
crater  may  act  as  a  reflector.  The  n^ative  carbon  is  smaller, 
and  is  placed  at  right  angles  to  the  fonner,  so  as  not  to  inter- 
fere witfi  Uie  irradiation.     (Fig.  44.) 

To  the  clinical  advantages  of  lightness,  facility  of  move- 
ment and  steady  compression,  this  apparatus  adds  tliose  of 
relative  cheapness  both  in  initial  cost  and  in  upkeep,  since 
the  current  it  requires  is  but  small  compared  with  the  50  or 
even  80  ampere*  required  by  the  Finstti  apparatus. 


^ 


Vigr  44-— Qc-  Qxtiitt  plate 
in  coDtAct  with  ihe  xkin. 
Six  tuch  pbiM  arc  sup- 
plied, nnniDR  in  dia- 
meter from  15  iniii.  to  40 
mm.— M.  nickel  plated 
ring  holdidK  the  qiuru 
tens  in  position. — Ec  & 
Es,  water  coolins;  lubet. 
— Cr.  knobs  10  which  rub- 
ber bandfl  may  be  at- 
tached. These  bands  arc 
liKhlencd  by  mean*  of 
ralcbet  whe«!». — O,  screw 
ri>r  siiachinR  handle 
when  oompieijor  bands 
caimot  be  nscd.— Fr,  win- 
dow of  red  glau  (or  ob- 
serving the  liulit.— C.  hor- 
ixontal  carrier  moved  by 
the  screw  B— D,  socict 
for  the  c  a  r  b  o  n.^Vp. 
'  KTcw  for  fixing  the  car- 

bon—R,     t'lre     meljllie 
k plate*  farming  radiator  to 
kttp  the  carrier  cool. 
I 
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252.  Heat  Baths. — Local  applications  of  heat. — Heat 
baths,  or  hght  bathii,  as  they  are  sometiines  called,  consist  o£ 
c^;es  of  various  shapes,  supporting  sonic  forty  or  fifty  in- 
candescent lamps.  The  illuminating  and  heating  power,  and 
alto  the  colour  of  the  light,  can  be  varied  at  will,  either  by 
altering  the  lamp  or  by  a  imilliple  sy&tem  of  Ughting.  Such 
ballis  often  reciuire  as  nmch  as  30  amperes,  and  therefore 
care  should  be  taken  that  the  wires  and  apparatus  used  are 
adapted  to  withstand  so  large  a  current. 

Small  local  heat  batlis  axe  also  used.  .A  small  cyUndrical 
lamp  enclosed  in  a  roller,  used  after  the  manner  of  a  laun- 
dress' tiat  iron,  is  of  great  service  in  the  treatment  of  rheu- 
matism and  similar  aflections. 

In  order  to  estimate  the  current  required  tlie  following^ 
data  may  be  of  scr\"ice: — 

A  lo-candle  power  incandescent  lamp  requires  33  watts. 
About  30  such  lamps  may,  therefore,  be  supplied  for  each 
kilowatt  of  ciirrent  energy.  A  current  of  5  amperes  from 
the  mains,  with  a  pressure  of  1  to  volts,  will  supply  50  ten 
candle  power  lamps,  or  25  twenty  candle  power  lamps. 

It  should  be  remembered  that  as  a  lamp  grows  old  it  re* 
quires  more  current,  while  its  ilhiminating  power  decreases. 

233.  Radiations  of  short  wave  length. — Tlie  Tes/a 
lamp  is  sometimes  used  for  treatment.  It  consists  of  a 
spiral  vacuum  tube  whicli  is  traversed  by  liigh  frequency 
currents. 

IIk  HniHll  mercury  lamp  also  gives  out  light  of  short 
wave  length,  without  heat.  It  consists  of  a  straight  or  spiral 
vacuum  tube,  containing  mercury  vapour  instead  of  air.  The 
lamp  must  be  started  by  a  current  of  high  potential,  such  as 
that  given  by  an  induction  coil,  but  oijce  started  a  current  of 
low  voltage,  as  little  as  14  volts,  is  sufficient  to  maintain  the 
lamp  in  action.  The  physiological  effects  of  these  short 
waves  has  not  yet  been  studied,  A  methodical  investigation 
of  their  action  on  tlic  organism  should  be  of  interest. 


CHAPTER   XL 
MAGNETS  AND  ELECTROMAGNETS. 


234.  General  considerations. — The  general  theory  of 
the  nagnelic  flux  and  of  lh<  magnetic  fieJd  has  already  been 
given  in  par.  101  of  tliis  work.  The  use  of  magnets  and  dec* 
troma^pnets  in  medicine  is  ver>'  restricted. 

The  north  pole  of  a  magnet  is  that  end  which  points 
towards  the  north  when  the  magnet  1$  free  to  move,  as  in  a 
compass  needle.  Bodies  which  are  attracted  by  a  magnet 
are  said  to  be  paranutgnelic.  The  magnetic  moment  ni  of 
any  magnet  is  the  product  of  tlie  magnetic  intensity  of  its 
pole — ^that  is,  its  magnetic  mass  m  into  the  distance  1  be- 
tween its  poles, 

ni  =  ml, 

A  solenoid  is  a  metallic  circuit  in  the  fom)  of  a  helix, 
traversed  by  an  electric  current.  Such  a  helix  behaves  like 
a  bar  magnet.  If  wc  lock  down  a  solenoid  in  such  a  man- 
ner that  the  current  circulates  countcr-clock-wisc,  the  end 
nearest  to  us  will  be  the  north  pole  of  the  magnet. 

235.  Magnets  employed  in  medicine. — Permanent 
magnets  are  occasionally  employed  in  nervous  affectiocu 
such  as  hysteria  and  ncuralfpa,  but  notliing  is  known  of  any 
physical  action  in  such  cases.  Tlic  only  important  applica- 
tion of  magnets  for  medical  piiqioses  is  the  use  of  electro- 
magnets to  extract  foreign  bodies  from  the  eye.  etc. 

An  electro-magnet  is  a  soft  iron  core  surrounded  by  a 
solenoid  through  which  passes  an  electric  current.  Tlic 
magneto>motive  force  thus  oTjtained  is  a  function  of  nl, 
the  number  of  ampere-tums  in  the  helix. 
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Large  magnets  are  required  to  move  even  a  small  sfncule 
of  iron  at  some  distance.  The  magnetic  force  decreases  with 
tlie  square  of  the  distance,  and  unless  the  magnetic  mass  of 
the  pole  is  very  large,  only  a  very  small  body  can  be  moved. 
Hence  huge  electro-magnets  have  been  constructed,  o£  which 
that  designed  by  Haab  may  be  taken  as  an  example. 

236.  Haab's  electromagnet.  —  This  apparatus  was 
primarily  devised  to  extract  foreign  bodies  from  the  eye.  In 
(pile  of  its  great  weight,  272  kilos,  it  can  readily  be  adjusted 
in  any  position  by  means  of  levers. 

It  is  driven  by  a  continuous  current  at  i  to  volts  and  pro- 
duces a  very  strong  magnetic  field.  A  piece  of  iron  weigh- 
ing one  gramme,  when  held  5  millimetres  from  the  magnet, 
will  support  a  weight  of  337  grammes;  at  a  distance  of  10 
mm.  it  will  support  173  grammes,  and  at  15  mm.  only  105 
grammes. 


SECOND  PART. 
PHYSIOLOGY. 


237.  Genera]  division  of  the  subject — The  study  of  the 
various  forms  of  electric  energy  used  in  medicine  has 
already  given  us  some  notion  of  the  wide  extent  of  its  physi- 
olc^cal  action.  The  effects  arc  manifold  and  vary  accord- 
ing to  the  forms  employed.  They  may,  however,  be  grouped 
under  one  or  other  of  the  following  categories. 

1.  Physiological  effects  of  the  continuous  current  in  its 
steady  state. 

2.  Physiological  effects  of  the  variations  of  current.  This 
category  includes  tlie  variable  state  during  the  malie  and 
break  of  a  galvanic  current,  the  extra  current,  the  faradic 
current,  the  sinusoidal  and  undulatory  current,  and  in  gen- 
eral all  the  electrical  conditions  which  may  be  grouped  under 
(he  hea<iing  of  the  variable  stalt  of  low  frtqutncy  and  l<nv 
tension  currenls. 

3.  Physiological  effects  of  currents  of  high  frequency  and 
high  tension. 

4.  Effects  of  static  electricity. 

5.  Action  of  the  various  radiations,  caloric,  luminous, 
ullra-violet  and  the  X-rays. 

In  addition  we  shall  rapidly  pass  in  review  the  action  of 
ozone,  of  vibratory  massage,  and  of  magnets. 

We  shall  also  have  a  word  to  say  on  the  electric  phenom- 
ena having  their  origin  in  the  action  of  living  tissue.  This 
will  appear  as  an  appen<lix  to  tlie  article  on  titc  continuous 
current,  as  the  explanation  of  the  phenomena  depends  oa 
the  theory  of  ions. 


CHAPTER  I. 

PHYSIOLOGICAL     ACTION     OF     THE     CONTIHUQUS 
CURRENT  IN  ITS  CONSTANT  STATE. 

J.    Dcfinitioiu. 

238.  General  considerations. — In  order  to  apply  the 
continuous  current  to  l!:c  human  body,  we  require  the  inter- 
vention of  spcciAl  apjiliances  Icmied  electrodes  (98). 

The  smaller  the  surface  of  the  electrode  in  contact  with 
the  skin,  the  more  the  lines  of  electric  flux  arc  concentrated 
in  passing  ihrougli  the  tissue  immediatdy  subjacent  to  the 
electrode  (Fig.  45). 


Fig.  45. 

When  two  elcotrodes  are  employed,  one  of  large  surface 
and  the  other  of  snu-ill  surfaxre,  the  former  is  said  to  be  the 
indifferent  electrode,  and  the  latter  the  active  electrode. 

The  terms  anode  and  cathode  are  applied  to  the  electrodea 
connected  to  tlic  positive  and  negative  poles  respectively. 
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The  indiffcreot  ckctrodc  osuaDjr  coosata  of  some  spongy 
substance,  sudi  as  feh  or  cottoo  wool,  covered  with  gaiue 
and  moisteoed  eitbcr  witb  pnre  cr  with  salt  water. 

The  actire  ekctnxk  ma;  be  ettbrr  mctalltc  or  of  the 
same  nature  as  the  indifferent  electrode.  A  uietalbc  elec- 
trode may  be  made  either  oi  sotnc  taoxjrdisable  tnetal  sodi 
as  pbtinum,  whidt  is  used  in  the  constm^ioa  of  tbe  hvstero- 
ntetcr,  or  it  may  be  formed  oi  some  oxydtzable  metal  i^oscn 
for  a  special  purpose.  Wben  an  active  electrode  of  a  sjXMgy 
nature  is  used  it  is  ncoaUy  soaked  in  pure  water,  or  it  may 
be  moistened  with  \-arioaa  lohitions  for  the  prodnctioo  of 
ionisatioa  or  cataphoresis. 

239.  Polar  action  and  Interpolar  actioa. — The  action 
which  is  «et  up  io  the  immediate  vicinity  of  the  electrode 
is  termed  polar  action.  It  differs  from  ordinary  interpolar 
action  in  two  respects. 

1.  In  it&  greater  intensity,  due  to  the  concentration  of  the 
lines  of  flux  at  the  electrode. 

2.  In  the  ionic  exchanges  which  occur  between  the  integn- 
fflents  and  the  clectroda  These  var^-  according  to  the  pole 
employed  (250). 

240.  Action  of  tbe  continuous  current  on  the  human 
body. — The  effects  of  the  continuous  current  on  the 
human  body  may  be  placed  irt  two  groups. 

1.  Electric  effects,  comprising  all  the  phystco-chemjcal 
phenomena  due  to  the  passage  of  llie  current,  including  cat^i- 
phorcsis. 

2.  Physiolo^cal  effects  due  to  living  tissue,  and  in  par- 
ticular to  the  action  of  tbe  ncnres. 
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IL    Pfaytico-cbemical  action  of  the  constant  currents— 
EJec  uo  ly  sis — Caiapho  miM. 

241.  Genera]  conuderations.~-T1ic  physico-chemical 
effects  of  the  passage  of  a  constant  current  through  tlie  liv- 
ing body  consist  of  electrolysis  and  of  cataphorcsis. 

EUctrolysis  is  the  phenomenon  of  the  transport  of  electric 
charges  tliroti^h  certain  solutions  which  are  called  electro- 
lyte*. 

It  is  One  of  the  most  important  divisions  of  medical  elec- 
tricity, since  all  ihe  liquids  of  ihe  organism  are  electrolytic. 
Catapliorcsis  is  of  much  less  iniportance  and  its  very  exist- 
ence has  been  denied.  It  consists  in  the  transport  en  masse 
of  non-dissociated  molecules,  either  of  the  solvent  or  the 
solute,  in  the  direction  of  the  current. 

243.  Electrolyns. — Electrolysis  is  the  phenomenon 
which  takes  place  when  certain  solutions  are  traversed  by  a 
continuous  current.  Tlie  conduction  of  electricity  by  solu- 
tions differs  entirely  from  the  conduction  we  have  studied  in 
the  chapters  devoted  to  electrical  pliysJcs. 

There  are  two  modes  of  conduction  for  the  continuous 
current.  Hie  first  is  that  whidi  is  met  with  in  metal  con- 
ducttirs.  It  consists  in  tlie  propagation  of  a  dynamic  state  or 
condition.  There  is  no  transport  of  matter.  The  state  or 
condition  is  propagated  from  one  portion  of  matter  to  its 
neighbour  by  mere  continuity  or  contiguity.  Thts  may  be 
termed  metallic  conduction. 

The  second  mode  of  conduction  is  by  the  transport  of  mat- 
ter; conduction  by  convection.  It  is  characteristic  of  a  cer- 
tain class  of  sohitions  which  are  called  clcctrolytic- 

An  electrolytic  solution  is  one  in  which  the  solvent  by 
itself  is  not  a  conductor  of  electricity,  but  becomes  so  by  the 
Mlutioii  of  certain  substances  called  electrolytes. 

All  soluble  substances  arc  not  electrolytes.  Thus  pure 
water,  which  by  it»e!f  is  a  non-conductor,  becomes  a  con- 
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ductor  when  it  holds  in  solution  a  salt,  an  acid  or  a  base, 
whereas  it  remains  a  non-conductor  when  it  holds  in  solu- 
tion albtiminotdt,  fiit*.  glycerine  or  sugar.  Electrolj-tes  con- 
gist  only  of  salts,  acids  and  bases. 

The  reason  for  this  difference,  and  the  tnie  nature  of 
the  phenomenon  of  electrolysis,  has  been  made  clear  by  a 
comparison  of  the  osmotic,  cryoscopic  and  tonomctric  prop- 
erties of  electrolytic  and  non-electrolytic  solutions. 

A  clear  idea  of  the  intimate  phenomena  of  electrolysis  is 
indispensable  for  a  due  comprehension  of  tlic  physico-chemi- 
cal action  of  the  continuous  current  on  the  organism. 

243-  Electrolytic  solutions — ^The  Theory  of  Ions. — 
The  theory  of  the  ionisation  of  the  molecules  in  solution  ex- 
plains completely  all  the  phenomena  of  electrolysis.  It  was 
observed  that  solutions  have  certain  properties  in  common, 
which  vary  in  intensity  according  to  the  strength  of  the  so- 
Ititioa.  The  osmotic  pressure,  the  lowering  of  the  freezing 
i  point  and  the  vapour  tension  arc  all  functions  of  the  number 
of  molecutes  in  solution.  This  law  being  established,  it  was 
noticed  that  certain  solulion'i  formed  an  exception,  i-tr.,  kAu- 
tions  of  bases,  and  of  salu.  On  further  investigation  it  was 
found  that  this  exception  was  only  apparent.  The  explana- 
tion of  the  anomaly  is  that  the  molecule  is  dissociated  in  the 
process  of  solution,  each  portion  acting  as  if  it  were  an  entire 
molecule.  These  dissociated  portions  of  a  molecule  are 
called  Ions  (mv — lov  travelling). 

Conduction  by  convection  thus  became  comprehensible. 
The  molecules  of  an  clcctrohte — a  salt,  an  acid  or  a  base — 
become  dissociated  in  ilie  process  of  solution  into  two  tons, 
which  may  be  either  nionatomic  or  polyatomic  One  of 
these  ions  possesses  a  positive  and  the  other  a  negative 
c^rge,  quite  independent  of  any  external  electric  influence. 
If  now  we  plunge  the  two  terminals  of  an  electric  circuit 
into  such  a  solution,  the  electro-negative  ions  will  naturally 
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be  carried  to  the  positive  pole,  and  the  electro-positive  ions 
will  be  similarly  attracted  by  the  n^alive  pole.  Tlte  elec- 
tric current  is  the  prodtKt  of  titis  procession  of  charged  car- 
riers.  This  is  the  electrolytic  thcor>'  of  Clausius  and  Arrhe- 
nius.  _ 

An  electrolytic  solution  may  be  thus  defined.  It  ts  the 
solution  in  a  non>condncling  liquid  of  a  substance  whose 
molecules  become  dissociated  during  solution  into  two  por- 
tions called  ions,  one  the  cathion  carrying  a  poMtive  charge 
and  moving  towards  the  cathode,  the  otlier  the  anion  carry- 
ing a  n^^tive  charge  and  travelling  to  the  anode. 

For  example,  Na  CI  by  the  process  of  solution  is  broken 

up  into  Na  and  O;  the  calhioii  Na  being  attracted  to  the 
cathode,  and  the  anion  CI  to  the  anode. 

lo  the  same  way  K^SO^  is  broken  up  into  an  anion,  S0«, 
and  a  cathion,  K, .  TTie  anion  SO,  is  an  example  of  a  poly- 
atomic ion. 

344.  The  Theory  of  Ions — Constitution  of  matter^ 
Ktotn — ^molecule — atomic  weight — molecular  weight — 
-cbemical  equivalent — specific  heat. — Matter  is  an  agglom- 
eration of  very  minute  particles  called  molecules.  Each 
molecule  is  a  complete  entity,  remaining  unaltered  whether 
the  substance  is  in  the  solid.  liquid  or  ganeous  state.  We 
know  from  Atfogadro's  law  that  all  gases,  whatever  their 
nature,  will,  at  the  same  temperature  and  pressure,  contain 
the  same  number  of  molecules  per  unit  volume. 

In  the  same  way  all  solutions,  whatever  the  nattire  of 
solute  and  of  solvent,  will  at  the  same  temperature  and 
osmotic  pressure,  contain  the  same  number  of  dissolveil 
molecules  per  unit  volume  (Pfcffer,  de  Fries,  Van  t'Hoff). 
These  two  laws,  relating  to  gnses  and  substances  in  solution, 
demonstrate  the  individuality  of  the  molecule  or  primitive 
particle  of  matter.    This  particle  is  indivisible  so  long  as 
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the  substance  retains  its  idcnttly,  but  it  may  be  split  up  into 
its  consistent  elements. 

The  molecule  NaO,  for  instance,  cannot  be  divided  with- 
out destroying  the  chloride  of  sodium  as  a  salt.  It  can,  liow- 
ever,  be  split  up  ItitU  an  atom  of  Na  and  an  atom  of  Q.  An 
atom  is  usually  considered  the  last  possible  division  of  mat- 
ter, but  it  would  seem  to  be  very  probable  that  tlic  atoms 
themselves  arc  further  divisible.  Their  differences  in  specific 
weight  and  specific  heat  lead  us  to  believe  that  each  atom 
is  an  a^lomcration  of  a  certain  number  of  centres  of  en- 
ergy, the  so-called  elettrons  of  Laurenz.  Up  to  the  present 
lime,  however,  it  is  impossible  to  pa^s  beyond  the  atom  with- 
out entering  into  the  realm  of  {dire  hypotliesis. 

Most  elements  are  composed  of  molecules  consistinir  of 
two  atoms.  The  molecule  of  hydrogen,  for  example,  is  com- 
posed of  two  atoms,  as  is  that  of  oxygen,  chlorine  and  so- 
dium. Mercury  and  zinc,  however,  have  s  monatomic  mole- 
cule, and  under  certain  conditions  selenium  has  a  triatomic 
molecule. 

Elementary  atoms  in  uniting  to  form  molecules  obey  fixed 
laws,  the  most  important  of  which  is  that  of  Valency. 

In  order  to  form  a  molecule  of  water,  11,0,  wc  must  fur- 
nish two  atoms  of  11  to  satisfy  the  affinity  of  one  atom  of  O ; 
whereas  to  form  a  molecule  of  hydrochloric  acid,  HO,  we 
only  need  one  atom  of  G.  Hence  CI  is  said  to  be  monova- 
lent, and  O  is  said  to  be  divak-ut,  whereas  N  is  trivalcnt. 

We  may  conceive  that  when  the  molecule  of  an  element 
such  as  oxygai  is  compo.^d  of  two  atoms,  these  two  atoms 
are  united  in  such  a  manner  that  the  double  valencies  of  each 
atom  are  satisfied. 
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We  may  suppose  tite  mokcule  of  an  element  arranged  that 


Uotccule  of  H. 


MoIccdU  of  O. 


Tlic  combination  of  the^  to  form  a  n>otecule  of  water 
nay  be  figured  thus 


TIlis  diagram  will  enable  us  to  understand  the  meaning  of 
the  temi  chemical  equivalent,  as  well  as  atomic  and  molecu- 
lar weights. 

The  molecular  wright  may  be  deduced  directly  from  the 
vapour  density  of  a  gas.  Since  under  similar  conditions  a 
litre  of  aiiy  gas  coiiuins  the  same  number  of  molecules,  each 
molecule  must  have  a  weight  proportional  to  the  weight  of  a 
litre  of  the  gas  in  question. 

In  tlwsc  elements  whose  molecule  is  monatomic,  the 
atomic  wcighl  will  be  equal  to  the  molecular  weight.  With 
diatomic  elements  the  atomic  weight  will  be  one-half  the 
molecular  weight.  Tlie  molecular  weight  of  a  compound  is 
tlte  sum  of  the  atomic  weights  of  its  components.  Thus  the 
molecular  weight  of  water,  H-O-H,  is  18,  since  the  molecule 
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water  conUins  an  atom  of  oxygen  weighing  i6,  and  two 
toms  of  hydrogen,  eacli  weigliiiig  l. 
Theoretically  wc  may  take  any  one  ol  the  constituent 
atoms  out  of  the  niolcculc  of  a  composite  body  and  replace 
it  by  another  elementary  atom,  on  condition  that  we  con- 
form to  the  law  of  valency.    Thus  from  tite  conipositc  body 
H^O,,  we  may  remove  two  atoms  o£  H,  each  of  which 
weighs  I,  and  replace  them  by  two  atoms  of  K,  each  weigh- 
ing 39,  or  by  two  atoms  of  Na,  eadi  weighing  23.    It  is  evi- 
dent that  the  weights  1  of  hydrogen,  39  of  potassium  and 
3  of  sodium  are  mutally  equivalent,  hence  these  numbers 
are  called  the  chemkal  equivaUnts  of  the  elements  II,  K  and 
^^  Na  respectively. 

^H  It  is  a  fact  of  great  theoretical  importance  that  the  specific 
^■lieat  of  a  gas  is  inversely  proportional  to  iLs  molecular 
^Bweight,  or  to  its  vapour  density.  The  heavier  the  molecule, 
^B  tlie  less  is  the  quantity  of  heat  required  to  raise  the  tcmpera- 
^^  ture  of  a  given  weight  of  the  substance  one  dcprcc.  Thus 
'       one  molecule  of  any  substance  requires  tlie  same  amount  of 

heat  to  raise  its  temperature  one  degree. 
I  245.    The  Theory  of  Ions — Electro-chemistry — ^Theory 

^_of  solutions. — It  has  been  seen  that  mok-culcs  arc  the 
^■smallest  particles  into  which  a  substance  can  be  div'ided  with- 
^  out  altering  its  constitution.  These  molecules  may  be  fur- 
ther divided  into  atoms,  which  arc  the  ultimate  particles  of 
natter.  The  atoms  have  a  definite  weight,  which  is  cltarac* 
tcristic  of  each  element,  and  tlie  specific  heat  of  the  element 
is  inversely  proportional  to  this  atomic  weight.  A  molecule 
cannot  be  resolved  into  its  component  atoms  without  satis- 
fying the  chemical  aflinities  and  valencies  of  these  atoms, 
Even  when  we  dissociate  a  molccutc  sucli  as  liCl  contain- 
ing two  atoms,  we  arc  unable  to  isolate  the  atom  H  or  the 
atom  CI,  since  the  molecule  of  cacli  of  Uiese  elements,  Ht  and 
|Q,  is  diatomic. 
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In  electrolytic  solutions,  tiiat  is.  solutions  of  acids,  base 
and  salt*,  a  particular  form  of  dissociation  takes  place.  Thus 
the  molecule  K,SO,  is  split  up  into  an  acid  radicle  SO,  and 
K„  each  of  which  acts  as  a  molecule  in  its  osmotic,  cryo- 
sco;»c  and  tonimetric  relations.  These  two  ponions  are  the 
iotu.  According  to  the  theory  of  Arrkenius,  these  ions,  so 
long  as  tlicy  carry  an  electric  charge,  do  not  behave  as  chemi- 
cal entities.  As  soon,  however,  as  they  lose  their  electric 
charge,  tlicy  become  subject  to  the  chemical  laws  of  affinity 
and  valency. 

When  two  electrode*  of  a  circuit  are  plunged  into  an  elcc- 
troljtic  solution,  a  current  passes.  The  theory  of  the  origin 
of  this  current  was  not  at  ISrst  understood.  In  i8;45  Claiisius 
shewed  tliat  a  current  would  pass  with  a  very  feeble  electro- 
motive force,  and  thence  concluded  that  the  dissociation  was 
not  produced  by  the  current.  This  observation  was  not  des- 
tined to  bear  fruit  until  the  study  of  osmosis,  vapour  pres- 
sure and  the  lowering  of  the  freezing  pwnt  resulted  in  Ar- 
rheniity  tlieory.  According  to  this  theory  the  electromotive 
force  only  sorts  out  the  ions  which  are  already  separated; 
and  the  electric  current  itself  is  but  the  transport  of  the 
anions  to  the  anode  and  of  the  cathions  to  t!»c  cathode. 

The  following  are  the  arguments  for  this  theory:  Just 
as  the  gueous  pressure  is  a  fimetton  of  the  molecular  con- 
centration of  the  gas  in  a  closed  space,  so  the  osmotic  prex- 
fture  of  a  solution  in  a  function  of  the  nx>leeiilar  concentra- 
tion of  the  solute.  With  the  same  number  of  molecules  in 
solution,  the  osmotic  pressure  is  the  same  whatever  the 
solute,  and  whatever  the  solvent.  Solutions  of  acids,  bases 
and  salts  arc  an  exception  to  this  law ;  in  dilute  solutions  each 
molecule  is  dissociated  into  two  ions,  each  of  which  behavea, 
like  a  molecule.  In  stronger  solutions  some  of  the  molcculcaj 
arc  dissociated,  while  others  remain  intact 

This  view  is  supported  by  cryoscopy,  i.e.,  (he  ttudy  of 
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the  point  of  congelatkm.  Pure  water  fre«zcs  at  0°,  whereas 
water  freezes  at  a  lower  temperature  if  it  contains  any  sub. 
stance  in  solution.  The  lowering  of  the  freezing  point  is  a 
definite  function  of  the  degree  of  molecular  concentration 
of  the  solution,  so  that  a  knowledge  of  the  freezing  point 
will  enable  us  to  determine  the  number  of  dissolved  mole- 
cules in  3  solution.  The  study  of  cryoscopy,  like  that  of 
osmosis,  proves  that  in  a  dilute  electrolytic  solution  the  mc^e- 
cules  of  the  solute  are  dissociated,  eacl)  behaving  as  two  dis- 
tinct molecules. 

246.  Rdle  of  the  ions  in  electrolytic  conduction. — In 
dilute  electrolytic  solutions  tlic  molecule  of  Ihc  solute  i*  dis- 
sociated into  two  ions,  each  acting  na  a  molecule  in  its  os- 
motic, cryoscopic  and  tononxtric  relations.  When  the  mole- 
cule breaks  up  into  ions,  each  ion  carries  an  equal  and  oppo- 
site electric  charge. 

Wlien  the  two  electrodes  of  a  galvanic  circuit  arc  plunged 
into  an  electrolytic  solution,  the  ions  are  attracted  according 
to  the  laws  of  static  electricity,  those  possessing  a  positive 
charge  going  to  the  negative  pole,  and  those  possessing  a 
negative  charge  to  the  positive  pole.  On  coming  into  contact 
with  the  electrode  the  ions  abandon  their  charges,  and  this 
coatimial  importation  of  static  electric  charges  constitutes 
the  current  itxelf.    This  is  .'Irrhenists'  theory  of  electrolysis. 

As  soon  as  tlie  ions  have  lost  their  electric  charges  they 
return  to  their  rSle  of  chemical  elements,  with  chemical 
affinities,  and  attack  the  water  or  the  electrode,  according 
to  the  ordinary  chemical  laws.  For  instance.  Na  and  CI.  as 
long  as  they  arc  ions  and  carry  a  charge,  remain  free,  but 
directly  they  have  given  up  their  charges  to  tlie  electrodes 
they  combine  with  water  to  form  NaOII  and  HO. 

The  electric  resistance  of  an  electrolytic  solution  is  a  func- 
tion of  the  number  and  the  velocity  of  the  ions  engaged  in 
tnnsporting  the  dectric  charges. 
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The  velocity  with  which  the  ioos  move  varies  according 
to  tlicir  imturc.  Hiitorf  has  slicwo  tlial  the  velocity  of  llie 
aiiwns  differs  from  that  of  the  cathions.  This  may  be 
proved  by  the  fotlowtng  experiment :  A  solution  of  sulphate 
of  copper  is  placed  in  an  cleclrolvtic  cell  with  a  porous  par- 
tition, the  solution  being  identical  on  1)0th  sides  of  the  pan 
tition.  After  passing  a  current  for  some  time  the  solution  is 
fuund  to  be  more  concentrated  on  one  side  of  the  partition. 
The  anion  SO,,  has  travelled  faster  than  the  cathion  Cu. 
although  the  number  of  ions  liberated  at  the  electrodes  is 
lite  same. 


:+. 


Uciorc  Uic  pusage  of  Uie  cuticnl. 

sojso.  SO.  SO.  so,  so, 

Cu    Cu    Cu    Cu  Cu     Cu 


After  llic  passage  of  the  current 

Tlie  ratio  of  the  degrees  of  concentration  on  cither  side  of 
the  porous  diaphragm  enables  us  to  estimate  tlie  relative 
velocities  of  the  anions  and  cathions  respectively. 

The  molecules  of  the  solution,  or  of  any  dissolved  sub- 
stance cxcqit  the  electrolyte,  arc  obstacles  to  the  passage  of 
the  ions,  and  diminish  their  velocity.  Ltduc's  experiments 
prove  that  the  rapidity  of  diffustun  in  a  gelatinous  solution 
varies  with  its  concentration.  The  velocity  of  the  ions  fol- 
Bows  the  same  law ;  the  greater  the  concentration  of  the  gcia* 
tinous  solution,  the  less  the  velocity  of  the  ions.  We  must 
bear  in  mind,  however,  that  tlie  smaller  the  traveller  the 
less  it  is  inHuenced  by  obstacles,  so  that  the  smaller  ions  are 
less  retarded  than  the  larRcr  complex  molecules. 

The  mean  molecular  candvctivity  of  a  liquid  is  the  ratio 
of  its  conductivity  to  tlic  number  of  molecules  in  the  liquid. 
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the  liquid  being  contained  in  a  cubic  cell,  one  centimetre  in 
length,  with  tlic  electrodes  on  two  opposite  sides.  The  mole- 
cular condiKtivit}-  increases  with  tlic  temperature,  and  also 
with  the  degree  of  dilution  of  the  solution. 

Whereas  cryscopy  indicates  the  toul  number  of  par- 
ticles in  a  solution,  whellier  molecules  or  ions,  the  electric 
conductivity  enables  us  to  estimate  the  number  of  ionized 
molecules. 

247.  Quantit3r  of  Electricity  carried  by  the  hau. — 
The  i:rainmc  molecular  zvfigbt  of  an>  substance  is  the  mole- 
cular weight  of  that  substance  expressed  in  grammes.  SitKe 
the  molecular  weight  of  hydrogen  is  2.  the  gramme  molecu- 
lar weight  of  a  xub^tance  ii  the  weigtit  of  a  quantity  of  that 
sub.itance  wtiich  containji  the  Kiine  number  of  molecules  as 
2  grammes  of  hydrogen.  Thus  the  gramme  mokcular 
weight  of  glycerine  is  92  gramtne.i. 

TTic  quantity  of  electricity  carried  by  Uie  ions  is  96.537 
coulombs  per  gramme  ntolecular  weight  set  free  at  the  elec- 
trodes, for  each  valency  of  the  ionic  radical  (Faraday).  In 
other  words,  in  order  to  set  free  one  gramme  molecular 
weight  of  any  radical  we  require  06.537  coulombs  of  ekc- 
trictiy  for  each  valency  of  that  radical. 

Thns  35  grammes  of  chlorine  or  33  grammes  of  sodium 
will  each  carry  96,537  coulombs  of  electricity,  since  Na  ami 
CI  are  both  monovalent. 

248.  Electro-chemical  equivalent,. — Since  each  chem- 
ical cqui^-alent  E  carries  96.537  coulombs,  One  coulomb 


E 


-,  which  is  the  electro-chemical  equiv- 


ts  carried  by    , 

'  96.537 

alent  of  a  substance,  or  weight  required  to  transport  i 
coulomb  of  electricity,  A  coulomb  of  electricity  there- 
fore sets  free  — ? of  the  chemical  equivalent  of  a  sub- 

96.537  ^ 

stance  in  grammes. 

'3 
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The  {ollowtng  are  some  of  tfie  electro-chemical  equiva- 
lent! in  tnillig'Tunnww ; 

Silver  I.I  17 

Chlorine 36728 

Copper  32709 

Hydrogen    .01038 

Iodine  1.313 

Lidiium    07268 

Mercury  1.37 

Oxygen    , .082S6 

Potassium    40539 

Sodium 23873 

By  multiplyii^  the  electro-cheitiical  equivalent  e  by  the 

ntunber  of  coulombs  passed  through  an  electrolytic  solution 

we  obtain  at  once  the  total  weight  of  the  substance  set  free. 

The  number  of  coulombs  is  given  by  It,  the  product  of  the 

intensity  of  the  current  by  the  time. 

Thus  with  a  current  of  .020  amperes  passing^  for  lOOO 
seconds,  we  have  It  =  20  coulombs.  The  wei^t  of  mercuiy 
carried  across  by  this  current  will  be  \  . 

I  ■  37  X20  =  27. 4  milligrammes. 
The  weight  of  other  substances  will  be 

Iodine 26.26      milligrammes 

Lithium 1.4536  " 

Copper 6.6  " 

Silver 2,234  " 

Sodium 4.76  " 

249.  Conduction  in  the  living  body, — From  the  point 
of  view  of  electric  conductivity,  the  body  may  be  r^arded 
as  a  number  of  electrolytes  separated  by  porous  diaphragms. 
These  porous  partitions,  the  membranes  separating  the  ele- 
ments of  the  various  tissues  and  organs,  arc  the  seat  of  the 
electrolytic  exchanges ;  the  anions  going  against  the  current 
towards  the  positive  pole  and  the  cathions  following  the 
current  in  the  opposite  direction. 
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Tbere  is  tbus  eveiy  reason  for  the  distinction  between 
polar  and  ioterpolar  action.  In  the  intcrpjlar  region  there 
is  merely  an  exchange  of  ions  in  the  icubstaitcc  of  the  tis- 
sues, whereas  in  the  neighbourhood  of  tlie  poks,  immedi- 
ately beneath  tiie  electrodes,  tlic  phenomena  arc  more  com- 
plex. \S'itb  clectrolj-tjc  electrodes  there  will  be  an  exodus 
of  the  ions  of  the  body,  and  an  entrance  of  the  ions  of  the 
electrodes. 

The  liberated  ions,  in  thdr  capacity  of  chemical  elements, 
produce  secondary  and  tertiary  effects  {Bfrgonic).  The  im- 
portance of  tliis  from  a  therapeutic  point  of  view  is  consid- 
erable.    (251.) 

In  all  obser\'ations  on  the  action  of  electric  currents  un- 
polarisable  electrodes  should  be  used.  Tho.se  of  d'Arsonval 
are  best  adapted  for  local  application.  Tlicy  consist  of  a 
tube  of  gla&s  drawn  out  to  a  point  and  filled  with  normal 
saline  solution,  in  which  is  immersed  a  silver  wire  coated 
with  chloride  of  silver, 

250.  Polar  action  in  living  tissue. — Polar  action  falls 
into  two  classes,  according  as  tlie  electrode  is  metallic,  i.e., 
possessing  metallic  conductivity,  or  electrolytic.  Tlie  metal- 
lic electrodes  nia)'  be  further  divided  into  oxidLiable  and 
non-oxidisable  metallic  electrodes. 

251.  Polar  action  of  non-oxidisible  metallic  electrodes. 
— When  tJic  electrode  is  formed  by  a  substance  such  as 
platinum  or  charcoal,  which  is  not  attacJccd  by  the  chemical 
bodies  set  free  at  the  electrodes,  we  liavc  Uie  following  plic- 
nomcna. 

Primary  effects. — ^The  anions,  hydroxy!  (OH),  acid  or 
halc^en  radicals,  set  free  by  the  electrolytic  di-eomposilion 
of  organic  liquids,  appear  at  the  anode.  The  alkaline  met- 
als, or  cathions.  appear  at  the  cathode. 

Srcondttfy  r  if  erf j.— Both  anions  and  cathions  lose  their 
diai^  by  contact  with  the  electrodes,  and  tlicn  act  13ce  ordi- 
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nary  chemical  elements  in  a  nascent  state.  The  anions  act 
M  anhydrides,  attacking  tlie  tissues,  seizing  on  the  hydro- 
gen and  setting  free  the  oxygen. 

2a-f-H,0  =  2Ha  +  0. 

The  cathioiis  take  from  ttie  tissues  »n  atom  of  hjdroxyl 
radicle  and  liberate  hydrogen. 

2  Na  +  2(H,0)  =2  NaOH  +  H, 

Tertiary  effects. — The  compounds  thus  formed,  HO  and 
Na  OH,  for  example,  act  in  their  turn  on  the  tissues,  and 
behave  in  the  same  way  as  electrolytic  solutions  of  HQ  and 
of  Na  OH,  causing  the  subsequent  effects  described  by  Ber- 
gOHii  under  the  name  of  Icrtiar)*  effects. 

For  this  reason  a  needle  electrode  should  be  made  of  p1att< 
num  if  the  needle  is  positive,  so  as  to  do  away  with  the  ter- 
tiary effects.  In  certain  cases  tlie  tertiary-  effects  may  be 
desired,  as  when  wc  use  needles  of  copper,  which  is  readiljr 
attacked,  so  as  to  take  advantage  of  the  action  of  the  chlo- 
ride or  oxy-chloridc  of  copper  formed  at  the  anode. 

In  the  conduction  of  the  current  through  the  body,  it 
is  the  NaCI  that  plays  the  most  important  role.  For 
each  coulomb  of  electricity  transported  from  one  elec- 
trode to  the  other,  — r of  an  electro-chemical  equiv- 

alent  of  NaCl  is  electrolysed.  Thus  for  each  coulomb 
.238  gr.  of  Na  and  .372  gr.  of  CI  are  set  free  at  the  elec- 
trodes. The  other  sstUs  held  in  solution  may  be  n^- 
k'cted,  as  they  form  but  an  insignilicant  part  of  the 
organic  liquids. 

By  secondary  action  this  .238  grammes  of  Na  and  .37a 
grammes  of  CI  rombitie  witli  water  to  form  ^13  grammes 
of  NiOH  and  .383  grammes  of  HO. 

It  is  this  NaOH  and  IICl  that  acts  on  the  tissues,  produc- 
ing at  the  cathode  a  soft  and  feebly  contractile  clot,  the 
soda  clot;  white  at  the  anode  it  produces  one  that  is  hard 
and  more  retractile,  the  acid  clot. 
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The  negative  dot  is  of  greater  extent  than  the  poMtivc 
one,  probably  in  consequence  of  the  greater  velocity  of  the 
anion  OI-I  formed  by  the  action  of  Ka  at  the  cathode  (GuU- 
los).  It  blood  be  electrolysed  by  mean*  of  two  platinum 
needles,  a  large  hard  clot  is  formed  at  the  anode,  white  the 
dot  at  the  cathode  is  soft  and  but  sliglitly  adherent.  The 
special  coagulating  power  of  the  positive  pole  depends  on  the 
coagtilating  effect  of  CJ  on  the  albumins  of  the  blood.  This 
action  may  be  iner<.'as<.'d  by  employing  an  irxm  electrode,  the 
chloride  of  iron  thus  fonned  having  a  strong  coagulating 
power.  It  is  used  more  particularly  in  the  treatment  of  aneu- 
rism, 

232.  Polar  action  of  the  oxidisable  metallic  electrodes 
— When  the  dectrode  is  made  of  an  oxidisable  metal,  the 
acid»  set  free  at  the  anode  attack  the  metal,  forming  salts 
which  act  as  electrolytes,  thus  producing  the  so-called  ter- 
tiary effects. 

353.  Polar  action  when  an  electrolytic  solution  is  em- 
ployed as  an  dectrode. — The  pliciiomcna  are  somewhat 
modilicd  when  the  current  is  applied  by  means  of  a  spongy 
electrode  soaked  in  an  electrolytic  liquid,  or  wtien  an  dec- 
trol}-tic  solution,  a  foot  bath  or  hand  bath  for  example,  is 
applied. 

At  the  anode  there  is  3  stream  of  anions  passing  out  of 
the  body,  while  a  stream  of  cathions,  furnished  by  the  elec- 
trode, traverses  tlie  intcgumenLs  and  pcnetrate-s  into  thebody. 

At  the  cathode  a  stream  of  cathions  leaves  tlie  body  while 
the  anions  of  the  dectrode  pass  into  it. 

If  R  represents  an  add  radicle  or  halogen,  and  M  a  metal- 
lic base,  the  molecule  of  add  may  be  represented  by  the 

--t-  +    - 

ionic  formula  R  H,  that  of  the  base  in  solution  by  M  OH, 

-  + 
and  tltat  of  tlte  salt  R  M. 


Tliis  foTmnla  indicates  tbc  i^d  that  tbe  cathkn  of  all  acids 
if  H,  and  the  anion  of  all  bases  is  the  hydroxjl  groap  OH. 

la  the  neighbourhood  of  the  anoJc,  therefore,  the  action 
of  all  acids  will  be  the  same,  and  Wm  consist  in  the  re- 
doctian  of  the  salts  of  the  tissues  by  hydrogen. 
NaQ  +  H  =  Ha  +  Na.  At  the  cathode,  the  action  of  aU 
tnsa  will  be  the  same,  consisting  in  the  substitution  of  hy- 
dmcyl  for  the  haIog<en  or  acid  radide  of  the  salts  of  the 


N«a  +  OH  =  NaOH -f  a. 

Wffi  a  dihtte  add  or  dectrdytt;  whateTcr  Oe  nitnre 
of  die  add  emirfc^cd.  it  is  the  prodncticMi  of  HQ  wUdi 
dommate*  the  actkxi  at  tbe  anode.  Wtfa  a  base,  wbatmr 
the  nature  of  the  base,  it  is  the  actioQ  of  the  aocUam  tfiat  is 
noticeaUe. 

The  table  on  tiw  next  page  shews  the  nature  of  tibe  Rac- 
tioD  at  dK  anode  and  cathode,  with  adds,  bases  and  nits. 
(Ledue  and  GonsaUs  Sanchts.) 

254.  Demonatration  of  tiw  IVoetcatiui  ei  die  loni 
dirough  the  Integument. — Leduc  proved  the  penetration 
of  the  ions  by  a  classical  experiment.  He  tot^  two  rabbits 
and  placed  them  in  series  in  the  same  galvanic  circuit,  the 
electrodes  being  applied  to  the  flanks,  which  had  previously 
been  shaved.  The  current  was  conducted  to  the  first  rabbit 
by  an  electrolytic  solution  containing  2%  of  sulphate  of 
strychnine,  it  then  passed  out  by  a  cathode  of  pure  water, 
entered  the  second  rabbit  by  an  anode  of  pure  water  and 
passed  out  by  an  electrolytic  cathode  of  cyanide  of  potas- 
sium. 

A  current  of  60  to  100  milliamperes  was  passed,  and 
after  a  period  varying  from  one  to  twenty  seconds  it  was 
observed  that  the  reflexes  of  the  first  animal  became  greatly 
exaggerated.  Tetanic  convulsions  and  death  speedily  super- 
vened, while  the  second  rabbit  suddenly  became  stiff,  fell 
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^H     down  senseless  and  soon  died,    tn  the  iirst  case  the  symp-          H 
^B       toms  were  those  of  slrj-chnjnc  intoxication,  while  in  the           H 
^H       second  they  were  those  of  hydrocyanic  poisoning.                          V 
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^M          U  the  ctirrent  wa*  passed  in  the  reverse  direction,  the         H 
^H       strychnine  bdng  iitade  the  cathode  and  the  cyanide  the     ^^M 
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neither  aniina]  was  affected  in  ibe  sH^itert  degree. 
ThU  experiment  proves  the  peadxatkn  both  of  the  acid  j 
cyanide  anitm  and  of  the  basic  stiychnioe  cathion,  and  eon>' 
tnTcrts  the  idea  that  the  rctults  are  doe  to  ordtDar?  ab- 

•OTption. 

Another  proof  it  furnished  by  the  penetration  of  col- 
oured ions.  When  a  solution  of  pennanganate  of  potash  is 
u&cd  as  a  cathode,  the  anion,  the  pcmiaii|;anic  acid  ndi- . 
clc,  penetrates  the  skin  and  colours  it,  whereas  no  nicb 
result  occurs  when  the  permanganate  lohitioa  is  ased  as  an 
anode.     (Ledn^.) 

By  examining  the  urine  it  is  equally  easy  to  demonstrate 
the  penetration  of  the  salicylic  anion  into  the  organism. 

255.  The  Glandular  Orifice*  are  the  parts  by  which  the 
iona  penetrated  the  skin.— ITic  use  of  coloured  ions 
proves  that  the  glandular  orifices  are  the  site  of  the  col- 
oured deposit,  and  that  they  are  the  natural  channels  by 
which  the  ions  and  the  electric  current  penetrate  the  body. 

256.  Polar  effects  produced  by  electrolytic  electrodes. 
— The  polar  effects  of  an  electrolytic  solution  u.h«1  as  an 
electrode  vary  according  to  the  nature  of  the  active  ion. 

The  introduction  into  the  skin  of  each  variety  of  ion  is 
accompanied  by  a  special  scn&ation.  The  anions  CI,  Brand 
]  cause  merely  a  slight  sensation  of  heat,  t)ie  catliions 
K  and  Na  provoke  a  jiainful.  burning  sensation,  whereas 
Lithium  produces  only  a  slight  fornication.  Ba,  Ca,  Mg, 
Zn.  Fe,  Cu,  As,,  O,,  AsO,,  PO,  and  S  are  all  painful.  TTie 
ions  of  the  heavy  metals  Zn  and  Cu,  etc.,  coagulate  albu- 
men and  destroy  the  skin ;  Nil, ,  Sn,  Au.  Pb,  Ag  are  almost 
painless.  Tlie  cathion  H  and  the  anion  OH  are  exceed- 
ingly (lainful  and  cause  rapid  aki-ration  of  tiie  skin.  {Ltdwc 
and  GoHsatea  Quifono.) 

Usually  there  is  slight  redness  of  the  skin,  due  to  vaso- 
dilttion,   disappearing   some   hours  after   the   application. 
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This  nay  or  may  not  be  Kcompaiued  by  pmritut.  Oc^ 
sionally  the  glandular  orifices  are  congested,  giving  a  dotted 
appearance  to  the  skin,  especially  v-itb  the  ions  Br,  Li,  Att, 
Fc,  So,.  S  and  Mn  (>, .  The  redness  or  pruritus  may  remain 
for  some  time;  in  the  case  o{  the  Calcium  ion  for  as  much 
as  1 8  da>-3. 

257.  Electrical  Remtance  of  the  Human  bod;.— The 
resistance  of  the  body  cannot  be  satisfactorily  compared 
with  that  of  a  metallic  conductor.  The  resistance  depends 
on  the  d^rce  of  polarisation  and  the  number  of  free  tons 
in  the  tissues.  With  electrolytic  electrodes,  the  resistance 
varies  with  the  grcaler  or  less  facility  with  which  the  ions 
penetrate  the  jJcin.  The  determination  of  the  resistance 
of  the  body  is  therefore  a  very  complex  problem,  depend- 
ing on  an  analysts  of  the  various  phenomena  which  have 
an  influence  on  the  total  resistance. 

The  following  is  the  order  of  conductivity  of  the  animal 
tissues:  nerve,  blood,  muscle,  skin,  tendon,  fat,  bone.  {Alt, 
Schmidt.) 

In  consequence  of  this  variation  of  conductivity  the  lines 
of  electric  flux  are  unequally  distributed  in  the  space  be* 
twcen  the  electrodes,  being  denser  in  the  tissues  with  less 
resistance.  It  is  for  this  reason  that  the  nerve  responds  so 
readily  to  excitation,  even  when  the  electrode  is  placed  at 
some  distance  from  its  point  of  stimulation. 

Tite  blood  plays  an  important  rSle  in  the  conductivity 
of  the  body.  Like  the  other  fluids  of  tltc  body,  it  is  com- 
posed of  a  solution  of  elect  rolj-tcs,  salts,  acids  and  bases, 
and  of  non -elect rol)ics,  albumens,  sugars  and  fats.  When 
a  current  is  passed  through  the  body,  the  index  of  the 
miUiamperemeter  rises  rapidly,  indtcatir^  a  corresponding 
diminution  in  the  re&if'tance  of  the  body.  This  diminu- 
tion has  been  shewn  to  be  due  to  coaguIatiotL  Formerly 
it  was  supposed  to  be  due  to  the  afflux  of  blood  to  the  ^in 
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St  the  electrodes.  When  a  moistened  electrode  is  properly 
applied,  the  greatest  resistance  is  in  the  epidermis  itself, 
which  offers  an  obstacle  to  the  passage  of  the  current  in- 
comparably greater  than  that  of  all  the  other  tissues.  On 
passing  the  ctirrenl  the  skin  becomes  red,  in  consequence 
of  the  dilatation  of  the  smaller  vessels.  It  was  natural  to 
suppose  tliat  the  diminislied  resistance  was  a  consequence 
of  this  vasodilatation.  Leduc,  however,  has  shewn  that 
this  congestion  in  the  vicinity  of  the  electrodes  does  not 
modify  the  resisiaiice  of  the  skin,  and  lliat  the  phenomena 
of  ionisation  are  quite  sufficient  to  explain  the  fall  in  the 
curve  of  resistance. 

258.  Modification  in  the  resistance  of  the  body  caused 
bjr  polarisation  of  the  tissues. — By  .suiubie  precautions 
we  may  obviate  the  polarisaiion  of  the  electrode.-!,  which 
seriously  affects  the  resistance  of  the  body.  There  is,, 
however,  another  polarisation  which  cannot  be  avoided, 
fij.,  that  which  is  produced  in  the  substance  of  tlic  tissues 
themselves.  Weiss  h;i$  devised  the  following  arrangement 
for  measuring  this  internal  polarisation. 

The  hands  of  the  patient  arc  immersed  in  two  separate 
vessels,  each  containing  a  saline  solution  in  communication 
with  the  pole  of  3  battery.  By  means  of  a  key.  the  battery 
can  be  suddenly  cut  out,  and  the  two  vessels  placed  in  com- 
munication with  the  armatures  of  a  condenser,  one  of  which 
is  earthed.  The  condenser  will  take  a  charge  proportional 
to  the  electromotive  force  of  polarisation,  and  this  charge 
may  be  measured  by  a  ballistic  galvanometer. 

In  this  way  Weiss  found  a  potential  of  ,3  to  .2%  volts,  due 
to  polarisation  of  the  tissues  of  the  body. 

259.  Practical  method  of  measuring  the  electrical 
resistance  of  the  body. — The  importance  of  this  measure- 
ment in  electro-physiology  and  in  electro-diagnosis  is  so 
great,  and  the  errors  in  its  cilimation  have  been  so  enor- 
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tnous.  that  it  will  be  weD  to  study  the  methods  of  operatton 
somewhat  in  dcUil. 

We  may  measure  the  resistance  to  llie  galvanic  or  to  the 
fandic  current.  With  the  galvanic  current  we  may  employ 
tVeiss"  procedure  by  means  of  tlie  Wheatstone  Bridg«, 
Mergur's  by  means  of  the  Ohm-mctcr,  or  BergOMii's  meth- 
od as  modified  by  Bordicr. 

360.  Weiss'  Wbcatstooe  Bridge  method  of  measuring 
the  resistance  of  the  human  body. — This  arrangement  is 
shewn  in  Fig.  46.    The  hands  or  the  feet  of  llie  subject  are 
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Titunersed  in  the  vessels  \'  and  W  The  patient,  \'V'.  an-:! 
a  resistance  of  500  ohms,  X,  arc  introduced  into  one  of  the 
upper  arms  of  the  Wheatstone  Bridge,  a  rheosUt.  R,  being 
interposed  in  the  oppoiiite  am>.  In  the  two  lower  anus  are 
two  resislaiKcs,  Y  and  Z,  each  of  50  ohms.  In  or<icr  tliat 
the  galvanometer,  G,  may  mark  zero,  the  resistance,  R, 
must  balance  tlie  resistance  X,  plus  that  of  the  patient. 
The  resistance  of  the  patient  will  therefore  be  R-X.  Polar- 
isation phenomena  at  the  electrodes  arc  equal  on  tlie  two 
sides.  The  polarisation  of  the  deeper  tissues  may  be  meas- 
ured by  the  method  already  described  in  par.  258. 
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261.  Measurement  of  the  Resistance  of  the  bodjr  hf 
means  of  the  Ohm-Meter  {Mfrgier). — Two  scpiiralc  coila 
of  wire  arc  wound  on  two  cards  placed  at  right  angles  to 
one  another.  These  are  joined  up  in  parallel,  and  connected 
to  the  poles  of  a  galvanic  battery.  When  these  movable 
coils  arc  hung  up  in  a  magnetic  field,  the  equilibrium  of 
the  whole  will  vary  according  as  tlie  intensity  of  the  gal- 
vanic current  is  greater  in  one  or  tl>e  other  circuit.  The 
resistance  to  be  measured  is  introduced  into  one  of  the  cir- 
cuits, and  a  rheostat  in  tlic  other.  The  apparatus  may  be 
graduated  empirically  by  inserting  known  resistances  in 
place  of  the  body. 

;f62.  Measurement  of  Ihe  resistance  of  the  human 
body  by  Bergonic's  method — Bordier's  modification. — 
This  method,  wliidi  is  one  of  great  precision,  was  shewn 
at  the  Congress  of  1902.  Bordier  described  hi*  modifica- 
tion at  the  Congress  of  1903.  The  method  is  based  on  the 
measurement  of  the  difference  of  potential  at  the  terminals 
when  the  current  traversing  the  body  has  an  intensi^  of 
one  milliampere. 

A  current  from  a  source  of  electricity,  such  as  a  constant 
current  main  at  1  to  volts,  is  passed  tlirough  a  circuit  con- 
sisting of  a  fixed  resistance  of  50  ohms  and  the  variable 
resistance  of  a  rheostat.  This  latter  is  regulated  untU  the 
amperemeter  included  in  the  circuit  indicates  exactly  i 
ampere.  When  1  ampere  of  current  passes,  we  know  from 
Ohm's  law  that  the  difference  of  potential  between  the 
ends  of  the  fixed  resistance  must  be  50  volts,  since  the  re- 
sistance is  50  ohms. 

This  6xcd  resistance  of  50  ohms  is  composed  of  a  nickel 
wire  of  length  L  stretched  along  a  millimeter  rule.  The 
body  whose  resistance  is  to  be  measured  is  introduced  into 
a  shunt  circuit  in  pamllel  with  a  part  or  the  whole  of  this 
wire.     For  this  purpose  one  electrode  is  attaclied  to  the 


rxtrcmtty  of  the  wrre  md   the  oiber  to  a  morMt  key 
.sliding  along  the  milltnKtre  scale.     A 
reading  to  ^  miltianiperc  is  iodaded  in  thb  drcnit. 

The  slidii^  ker  is  now  adjusted  ttntil  the  atrrent  regu* 
tercd  in  the  shunt  circuit  if  exactly  I  imllianipere.  Let 
distance  oo  the  scale  between  the  points  of  attKbment  of 
the  electrodes  be  /.    The  difference  of  potential  between 

these  points  will  be  Z-L  X  1  vohs.    The  resistance  of  the 

patient's  b«ly  may  be  calculated  from  Ohm't  law 
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will  be  constant  for  a  given  instrumeoL    Since  R  is 

proportional  to  /,  it  may  be  read  off  directly  from  the  scale 
on  the  miltimetrc  rule. 

In  employing  Bergonift,  or  any  other  method,  wc  must 
make  allowance  for  the  polarisation  of  the  tissues  and  tlie 
resistatKC  of  the  milliampcre-mctcr  and  electrodes.  The  re- 
sistance of  the  latter  may  be  estimated  by  placing  the  two 
electrodes  in  direct  contact  without  the  intervention  of  the 
body.  It  should  be  remembered  that  the  resistance  of  the 
body  varies  for  the  first  few  seconds  after  the  current  is 
turned  on.  This  variation  is  due  to  proprcssive  ionization 
at  the  electrodes.  Finally  the  resistance  of  the  cpidennis 
varies  with  the  region  to  which  the  electrode  is  applied.  It 
varies  also  considerably  in  different  subjects  quite  inde- 
pendently of  any  pathological  condition. 

263.  Measurement  of  the  resistance  of  the  human 
body  by  means  of  the  Paradic  current. — For  the  com- 
pletion of  this  subject  wc  will  now  proceed  to  describe  a 
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method  of  measuring  the  resistance  of  the  body,  based  on 
the  use  of  the  faratlic  current.  Clinically,  the  results  so 
obtained  shew  marked  divergencies  from  those  obtained 
when  using  the  galvanic  current  The  simplest  method  is 
lliat  adopted  by  Bergonii. 

One  brancli  of  the  faradic  current  passes  through  the 
body  whose  resistance  is  to  be  measured,  and  the  other 
through  a  regulating  rheostat,  both  circuits  being  connected 
to  a  difTcrential  telephone.  Ko  sound  will  be  heard  in  the 
telephone  when  the  resistances  of  the  two  circuits  are  equal. 
The  only  thing  required,  therefore,  is  to  alter  the  resistance 
of  the  rheostat  until  a!I  sound  in  the  telephone  ceases.  Btr- 
gonU  em|>loy.s  a  liquid  rheostat  graduated  in  ohms. 

The  study  of  the  resistance  of  the  human  body  to  the 
faradic  current  shews  that  there  is  no  diminution  of  re- 
sistance during  the  couTf-n  of  the  experiment,  such  as  we 
find  when  contimious  currents  are  employed,  Wilh  the 
faradic  current  the  phenomena  due  to  ionisation  and  con- 
gestion are  reduced  to  a  minimum. 

264.  Electrolytic  resistance  of  the  fluids  of  the  body. 
— ^Thc  ions  arc  the  carriers  of  tlic  electric  current  through 
the  blood  and  the  other  electrolytic  liquids  of  the  body. 
The  conductivity  of  these  liquids  is  therefore  a  function  of 
the  number  and  velocity  of  the  ions.  In  fluids  containing 
dissolved  substances  other  than  electrolytes,  the  non-ionised 
molecules  act  merely  as  obstacles  to  the  motion  of  the  ions, 
tience  gelatinous  clectroljiic  solutions  are  not  such  good 
conductors  as  pure  solutions.  One  gramme  of  haemoglo- 
bin added  to  99  grammes  of  serum  reduces  its  conductivity 
by  .8  per  cent  (Stnvart).  whilst  i  per  cent  of  albumen  re- 
duces the  conductivity  of  serum  by  2.5%  {Tang!  and  Bur- 
Sasky). 

The  recent  experiments  of  Lfdue  of  Kantes  have  com- 
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pletdy  elucidated  the  influence  of  the  non-electrolitic  mole- 
cules on  tbe  velocity  of  diffusion  of  the  ions.  Furtlier,  in 
a  gelatinous  solution  of  given  concentration,  all  ions  have 
not  the  same  velocity.  Just  as  the  smaller  vehicles  can 
wonn  their  way  more  quickly  through  a  crowd  of  large 
obstacles,  so  the  small  ions  of  simple  stnicture  can  travel 
faster  throi^h  tlic  obstacles  formed  by  the  presence  of 
the  gelatinous  molecules,  than  can  the  large  complex  ions. 

The  same  consideration  explains  why  tlie  blood  becomes 
s  better  conductor  when  its  temperature  is  raised ;  the  ions 
have  greater  freedom  of  movement  when  the  atoms  of  the 
conductor  arc  further  apart. 

The  conductivit>'  of  ox  blood  serum  at  25°  Centigrade  is 
the  same  as  that  of  a  .7  per  cent  solution  of  chloride  of 
sodhmi.  The  conductivity  varies  sliglitty  in  different  sub- 
jects {Oktr-Blom.) 

265.  Influence  of  the  ions  of  the  liquid  electrode  on 
the  resivtaoce  of  the  body. — The  difference  of  conductiv- 
ity due  to  various  ions  may  be  measured  by  using  a 
small  electrode  of  to  to  13  square  centimetres  area,  soaked 
in  the  solution  we  desire  to  investigate ;  a  large  indifferent 
electrode  being  applied  to  a  distant  part  of  the  body.  It 
may  thus  be  shewn  that  each  variet>-  of  ion  has  a  charac- 
teristic curve  of  conductivity.  A  description  of  the  inter- 
esting experiments  of  Leduc  and  of  Gomale:  Quijano  on 
this  subject  may  be  found  tn  the  thesis  published  by  the 
latter  in  Paris  in  IQ02. 

Tlte  resistance  of  the  himian  body  depends  diiefly  on 
the  nature  of  the  mobile  ions  which  enter  the  tissues.  For 
instance,  with  the  «ame  elerirode*.  we  may  get  a  resistance 
of  700  ohms  wlien  chlorine  is  the  active  ion.  and  of  400O 
phms  when  the  active  ion  is  quinine.    These  niunbers  were 


208  »AtT  tt— cnArm  i 

obtained  by  Leiuc  wh«n  using  a  solution  of  hydroclorate 
of  quinine  as  active  electrode.  The  active  Jon  was  chlorine 
or  quinine,  according  as  this  solution  was  made  the  cathode 
or  the  anode. 

Lfduc's  investigations  have  had  an  enomous  affect  on 
clinical  electrology.  Previous  to  this  the  a  plioation  of 
the  measurement  of  resistance  to  electro-diagnosis  was  of 
the  vaguest  character.  It  was  indeed  known  that  in  ex- 
ophthalmic goitre  the  electrical  resistance  was  diminished, 
while  it  was  increased  in  certain  mental  and  ncn'ous  affec- 
tions, becoming  normal  as  the  disease  disappeared.  When, 
however,  it  was  desired  to  obtain  definite  measurements, 
and  to  compare  the  work  of  different  observers,  no  adequate 
data  were  forthcoming,  litis  is  not  to  be  wondered  at 
when  we  consider  that  the  older  obscr^'crs  reported  neither 
the  size  of  the  electrodes  nor  the  voltage,  nor  the  part  of 
the  body  explored,  and  that  the  whole  apparatus  used  con- 
sisted usually  of  a  voltmeter  and  an  amperemeter. 

266.  Tile  Interpretation  of  tbe  mcasurementB  of 
resistance  of  the  human  body.— The  resistance  of  the 
body  is  a  function  of  the  resistance  of  the  skin,  and  more 
especially  of  the  epidermis.  The  electric  resistance  is  prin- 
cipally determined  by  the  ionic  state  of  the  tissue  traversed 
by  the  current.  The  diminution  of  the  resistance  is  due 
to  the  penetration  of  the  ions  into  the  skin,  and  not  to  the 
saturation  of  the  skin  by  the  liquid  of  tbe  electrode,  nor  to 
the  increased  vascularity  of  the  intd'fniment. 

The  following  are  Leduc's  reasons  for  this  assertion; 

(a)  The  conductivity  differs  according  to  the  nature  of 
the  active  ion. 

(b)  The  resistance  is  not  modified  by  liquid  impregna- 
tion of  the  skin  when  once  the  electrode  ic  in  good  contact. 
This  may  be  proved  by  the  following  experiment.    The  two 
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electrodes  being  in  position,  the  galvanic  cttrrcnt  from  a 
large  accucnulator  is  turned  on  just  long  enottgh  to  enable 
ouc  to  read  the  miUiampcrcmeter.  If  this  operation  is  re- 
peated at  longer  or  shorter  inter\-atg,  we  find  that  the  cur- 
rent inteiisiiy  remains  the  same,  alihrntgh  the  skin  becomes 
more  and  more  saturated.  With  high  voltages  a  slight  dif- 
ference may  be  noted,  but  this  is  due  to  the  phenomena  of 
ioRi»ation  during  the  time  tlte  current  is  turned  on. 

(c)  The  vascularity  of  the  skin  has  no  effect  on  the  re- 
sistance. This  may  be  proved  ta  the  foltowing  way.  The 
patient  is  placed  in  a  galvanic  circuit,  so  that  one  of  the 
electrodes,  consisting  of  a  saline  hand  bath  at  50*,  may 
be  instantaneously  replaced  by  a  similar  bath  at  o*.  The 
conductance  of  the  system  does  not  alter,  showing  that  the 
resistance  of  the  skin  is  not  affected  by  any  amount  of  vaso- 
dilatation due  to  heat 

Ledue  proves  this  in  another  way.  A  small  anode,  im- 
pr^nated  with  a  solution  of  chlorhydraie  of  adrenalin,  is 
applied  to  the  skin,  the  large  catliode  being  soaked  in  a 
solution  of  KQ.  L'nder  the  influence  of  the  current  the 
skin  becomes  blanched,  but  the  resistance,  instead  of  being 
increased,  is  rapidly  diminished. 

The  following  is  a  summarj-  of  the  facts  relative  to  the 
resistance  of  the  body  to  a  continuous  current. 

The  resistance  of  the  whole  body,  and  more  especially 
of  the  skin,  depends  on  the  degree  of  ionisation. 

The  resistance  diminishes  as  the  skin  becomes  ionised. 
The  degree  of  vascularity  has  hardly  any  influence  on  re- 
sistance. 

As  long  as  ionisation  is  not  complete,  the  rcMStancc  of 
the  body  is  variable,  and  decreases  with  the  length  of  time 
the  current  has  been  passing. 

All  measurements  arc  useless  which  do  not  take  into 
account  the  curve  of  ionization. 
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Each  variety  of  ion  has  its  characteristic  curve.  This 
curve  varies  with  the  subject  and  with  the  voltage,  since 
ionisation  occurs)  more  rapidly  with  high  voltages. 

The  following  is  Leduc's  technique  for  measuring  the 
resistance:'  The  indifferent  electrode  is  formed  of  eight 
thicknesses  of  absorbent  cotton  wool,  ao  cm.  by  10  cm.  This 
is  soaked  in  a  one  per  cent  »olittion  of  KCI,  tins  liquid  being 
chosen  because  the  conductivity  due  to  the  K  ion  and  tlie 
CI  ion  is  the  same.  The  nioistened  lint  is  rolled  around  the 
calf  of  the  leg.  and  covered  by  a  sheet  of  lead  foil  and 
a  metal  plate.  The  metal  plate  is  attached  to  the  rhcophorc 
and  the  whole  is  kept  in  place  by  a  bandage.  The  smaller 
electrode  is  formed  of  eight  thicknesses  of  absorbent  lint 
impr^nated  with  the  solution  it  is  desired  to  inveiitigate. 
This  is  covered  by  a  metallic  disc  and  fastened  to  the  front 
of  the  forearm  by  an  cLiMic  hand.  The  E.M.F.  of  the 
current  used  should  be  6  volts, 

Such  Uien  is  the  present  state  of  the  inquiry  into  the 
electrical  resistance  of  the  human  body.  From  the  clinical 
point  of  view  titc  investigation  must  be  commenced  afresh. 
The  scope  of  etectrcMliagnosis  will  be  vastly  extended  when, 
for  any  given  pathological  condition,  we  can  determine  the 
characteristic  curve  of  conductivity  for  each  variety  of  ion. 

Ltduc^s  experiments  have  not  as  yet  given  us  the  absolute 
resistance,  but  we  hope  it  will  shortly  be  possible  to  con> 
struct  the  absolute  ohraic  curve  of  the  human  body. 

267.  Application  of  electrolysis  for  the  transport  of 
medicaments. — Treatment  by  clectrol)tic  transport  has 
taken  an  important  place  in  medicine  since  Prof.  Bouch- 
ards work  drew  attention  to  this  method  of  local  treatment, 
whidi  brings  the  medicament  to  the  spot  where  it  is  most 
wanted.     It  was  first  mentioned  by  Palaf>rat  in  1833,  then 
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by  Brvns  m  1870,  by  Munch  in  1873,  ^<^^f*  ■"  1SS5,  Gart- 
ner in  18S4,  and  Wagner  in  1886.  Since  iBgo  it  has  been 
taken  up  by  a  number  of  invcstipators.  Edison  experi- 
mented with  lithinc.  Aubert  with  pilocarpine  and  Labalut. 
Weiss,  Guillos,  Leduc  and  Frankenkailser  with  various 
otlier  solutions. 

Tlie  recent  work  of  Leduc  and  Consoles  Quijano  has 
brought  together  tlic  results  of  previous  experinrentors. 

As  long  as  due  precautions  arc  taken  the  mode  of  opera- 
tion is  simple  and  certain.  The  instrument  consists  of  the 
ordinary  apparatus  for  the  application  of  the  continuous 
current.  The  electrodes  are  the  ordinary  electrolytic  foot- 
baths or  hand-baths,  or  pads  of  cotton  wool  or  other  spongy 
tissue  impregnated  with  a  solution  of  the  electrolyte. 

When  we  desire  to  act  locally,  avi^ding  as  far  as  possi- 
ble the  dissemination  of  the  active  ions  through  the  organ- 
ism, the  skin  under  the  electrode  should  be  compressed, 
so  as  to  cause  anaemia  and  reduce  the  circulation  of  blood 
at  the  point  of  treatment  to  a  minimum.  Under  these  condi- 
tions, however,  the  skin  just  around  the  electrodes,  which 
is  not  compressed,  is  the  better  conductor.  The  lines  of 
force  are  therefore  denser  and  the  transport  of  ions  greater 
at  the  periphery.  Il  is  therefore  advisable  to  place  a  sheet 
of  gutta-percha,  with  a  central  aperture  for  the  application 
of  the  electrode,  on  the  region  to  be  treated.  The  edge  of 
this  aperture  may  be  thickened,  so  as  to  press  with  greater 
force  on  the  subjacent  tissues  and  thus  concentrate  the  lines 
of  force  in  the  central  region.  The  solutions  vary  in  strength, 
from  ooe  lo  three  per  cent  bring  usually  employed.  The 
degree  of  concentration  of  the  solution  has  no  effect  on 
the  ionic  penetration.  The  number  of  ions  carried  into  tlw 
body  depends  merely  on  the  number  of  coulombs  passed 
through  the  electrode. 


212 


M«T  II— cnA?Ti«  r 


268.  Cataphortsls. — If  an  electric  current  is  passed 
through  the  liquid  in  two  vessels  united  by  a  capillary  tube 
or  »  porous  membrane,  there  is  a  transport  of  the  liquid 
CM  masse  in  the  direction  of  the  current ;  the  liquid  passings 
from  the  positiTe  vesae\  into  tlte  itegalive  vessel.  This 
phenomenon  is  termed  Cataphorcsis. 

In  certain  cases  there  appears  to  be  a  transport  from 
the  cathode  to  the  anode,  or  anaphoresis.  Thus,  according 
to  Lindner  and  Piclon,  certain  colloidal  substances  arc  sub- 
ject to  anaphoresis.  Ihdratc  of  iron,  silver  hydrate,  andoxy- 
ha^moglobin  arc  tmiisporlvil  towards  th«  anode,  whereas 
aniline  blue  and  sulphide  of  arsenic  are  carried  towards 
the  cathode.  In  general,  bases  are  subject  to  cataphorcsis, 
adds  to  anaphoresis.  Probably,  wlteii  we  understand  the 
phenomenon  better,  we  shall  find  that  both  cataphorcsis 
and  anaphoresis  arc  due  to  the  transport  of  tons. 

We  sometimes  meet  with  a  physiological  phenomenon 
due  to  cataphorcsis.  If  tlie  circulation  in  a  limb  is  inter- 
rupted, and  the  limb  is  submitted  to  the  actitni  of  the  con- 
tinuous current,  a  portion  of  the  organic  liquids  is  trans- 
ported en  masse  from  the  anode  to  the  cathode,  hence  the 
region  under  the  anode  shrinks  and  shrivels  up,  whilst  that 
under  the  cathixlc  swells  up  and  becomes  ccdcmatous. 

The  phenomenon  is  not  so  marked  if  the  circulation  is 
not  interrupted,  as  the  circulation  continually  compensates 
the  transport  of  liquid  due  to  catapboresi*. 

ni.    Pbyaiological  Effects  of  the  Continuous  CurrenL 

369.  General  Considerations. — Besides  its  physico- 
chemical  action,  the  galvanic  current  prrxluces  certain  physi- 
ological effects  on  living  nervous  tissue.  We  caniwt  sep- 
arate these  physiological  effects  from  the  phenomena  of 
ionisation.  Ionic  phenomena  are  of  the  very  essence  of 
the  current,  and  tlic  effect  on  the  nerves  is  but  a  conse- 
quence of  these  ionic  changes. 
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^H      370.    Sensory  Effects There  is  a  special  sensation 

^H  accompanying  the  passage  of  a  cuirent.     According  to 
IP^  I'oUds  expression,  it  is  a  "burning  pricking,"  becoming 
more  violent  as  the  current  rites  in  intensity.    The  sensa- 
tion differs  at  the  two  poles,  as  trught  be  expected  from  the 
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At  tite  negative  pole  the  sensation  is  deeper  and  more 
painful.  Each  pole  moreover  produces  a  senution  jhi  get^ 
eris,  which  cannot  be  defined  in  words,  but  can  be  ea.tily 
recK^ised  after  once  experiencing  it.  The  electric  sen- 
sation is  attenuated  with  time,  so  that  by  increasing  ii  grad- 
ually patients  are  able  to  bear  a  current  whidi  would  have 
been  extremely  painful  at  tlie  commencement  of  the  sitting. 

271.  Action  of  the  continuous  current  on  motor  and 
sensitive  excitation — Elcctrotonus. — Wc  arc  obliged  to 
consider  here  a  phenomenon  which  would  coiite  more  natur< 
ally  in  the  chapter  on  the  variable  electric  state.  Both  sen- 
sor>'  and  motor  nen-cs  respond  to  excitations  of  the  varia- 
ble electric  slate,  whether  galvanic  or  faradic,  alternating 
or  undulatorj-.  Tliis  excitation  obeys  certain  laws  which 
we  shall  study  presently.  What  interests  us  here  is  the 
fact  that  the  continuous  current  introduces  a  profound 
modifkation  into  the  reaction  of  the  ner\'e  to  excitations 
of  the  variable  state. 

This  modification  in  the  condition  of  a  ner\'c  while  cany- 
ing  an  electric  current  is  called  eterlrotonus.  Before  st\idy- 
ing  it,  it  may  be  well  to  recall  the  modem  theory  of  the  con- 
stittition  of  the  nervous  system,  the  theory  of  the  neurone. 

272.  Theory  of  the  Neurone. — The  neurone  is  the 
fundamental  element  of  the  nervous  system,  the  nerve  cell 
with  aD  its  prolongations.  These  prolongations  ar«  of  two 
sorts. 
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I.  Protoplasmie  prolongaliotu,  cellulipelal  prolongations 
conducting  norvous  iinpul.tes  from  their  extremities  towards 
the  cell.  They  are  terminated  by  arborisations  which  arc 
called  dendrites. 

3.  The  axis  eylinder  or  axone,  the  cellulifugal  pro- 
longation, conducting  the  nervous  flux  away  from  the  cell 
towards  the  extremity  of   the  axone. 

In  studying  the  function  of  the  neurone  we  have  to  con- 
sider two  sc[>3rale  arcs. 

1.  The  reflex  arc  pure  and  simple,  which  deals  only 
with  an  external  excitation  foiiowcd  by  movement.  This 
arc  consists  of  two  peripheral  neurones,  without  any  partici- 
pation of  the  nerve  centres. 

2.  The  central  arc,  which  sets  in  action  tlie  neurones  of 
the  central  nervous  system. 

We  shall  see  further  on  the  importance  of  tliis  distinction, 

1.  Simple  ReHex  Arc. — The  simple  reflex  circuit  con- 
sists of  two  peripheral  neurotics,  the  sensory  neurone  and 
the  motor  neurone.  Each  neurone  is  in  direct  communica- 
tion with  the  external  world,  one  by  means  of  its  proto- 
plasmic prolongations,  the  otiier  by  means  of  its  axis  cylin- 
der. The  cells  of  the  sensory  neurones  are  found  in  the 
ganglions  on  the  posterior  roots  of  the  spinal  nerves.  The 
cells  of  tlic  motor  neurones  arc  found  in  the  anterior  comua 
of  the  spinal  cord. 

The  dendrites  of  the  motor  neurones  iateriace  with  the 
arborisation  of  the  axis  cylinder  of  the  sensory  neurone. 
Tliere  is  no  anastomosis,  as  was  at  one  time  believed  to  be 
the  case. 

2,  Central  Arc. — Fig.  47  is  a  diagram  of  the  central 
nen-ous  mechanism.  A  B  H  G  is  the  simple  reflex  arc. 
The  impression  is  received  at  K,  a  sensory  organ,  at  the 
extremity  of  the  sentory  nerve,  and  translated  immediately 
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into  motioo  at  i,  a  muscle  at  tin  extremity  of  the  motor 
nerve.  Lei  us  now  add  a  brancli  circuit  U  L,  so  that 
part  of  the  ocr\-ous  flux  along  G  may  pass  through  M  to  a 
sen5or>-  neurone  in  the  central  iicr\'ous  system,  from  thence 
to  a  central  motor  neurone,  and  return  through  L  to  the 
dendrites  of  B.  A  number  of  such  branch  circuits  will 
represent  the  central  nervous  syWcm.  These  derived  cir- 
cuits are  of  different  kinds,  according  to  the  position  of  the 
neurones  which  constitute  them.  They  are  termed  cenlrat 
neurones,  in  contra- distinction  to  the  peripheric  neurones 
which  are  in  immediate  relation  with  the  external  envi- 
ronment Thus  tliere  is  a  cerebellar  circuit,  and  a  cerebral 
circuit  The  cerebral  circuit  in  its  simplest  form  is  com- 
posed of  a  central  sensory  neurone  and  a  central  motor 
neurone,  the  celts  of  the  former  being  situated  in  one  of  the 
nuclei  of  Coll  and  Burdach.  those  of  the  latter  in  the  pyra- 
midal psychomotor  area  of  the  cerebrum. 

There  are  other  circiuts  in  the  central  nervous  system 
derived  from  the  central  circuits,  Tliesc  consist  of  neu- 
rones of  association,  which  are  found  in  the  grey  matter 
of  the  cerebrum  and  cerebellum. 

The  role  of  the  cell-body  of  tlie  neurone  is  that  of  a 
trophic  centre. 

According  to  Morat.  the  nervous  influx  is  not  elaborated 
at  the  site  of  the  cell  itself,  but  at  the  junction  of  the  den- 
drites of  a  neurone  with  the  aborisation  of  ndghbouring 
neurones.  The  part  played  by  this  synapsis,  or  by  the  cell 
itsdf,  in  the  production  of  nervous  action,  is  not  as  yet 
fully  determined. 

\Vlien  a  ner\'c  is  divided,  the  peripheric  end  degenerates: 
the  so-called  Wallcrian  degeneration.  If  tlie  section  is  made 
through  the  posterior  nerve  roots  between  the  ganglion  and 
th«  cord,  the  axis<ylindcr  ED  whidi  is  cuC  qQ  from  its  odi 
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degenerates.  If  on  Ute  oilier  hand  the  section  is  made  at  G, 
the  sensory  nerve  G  K  de^ncratcs.  The  sensory  nerves 
have  their  trophic  centres  in  the  spinal  ganglia,  and  the 
motor  nerves  in  the  anterior  coniua. 
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F^.  47— A,  Cellalifnga]  axis  ^lind*r  of  a  periphtnl  motor  neurofw. 
— B,  Cell  of  the  motor  fienrocie  in  the  aiilcnor  cormia.— C,  Den- 
drites of  th«  motor  neurone— S,  ArborJMlion  of  the  axit-cylinder 
of  the  seniOfT  n«iroiw.— E.  CelluIidiR&l  axis-cylinder  ol  the 
sensory  neuione- — H.  Cell  of  the  neripbera!  sensory  neurone  In 
the  posicrior  spinal  ganglion. — 1,  Slusclc— K,  ^ihelium.— M,  L, 
Branch  ceniial  circuit. 

273.  Normal  functkm  of  the  Neurone. — i.  During  the 
period  of  repose  there  is  formed  in  the  cell-body  of  the 
neurone  a  substance  which,  on  account  of  its  avidity  (or 
colouring  matters,  has  been  tcnried  CkromophiL  WTien 
the  neurone  is  submitted  to  functional  excitation  the  Chrom- 
ophi]  ia  used  up  and  disappears.  Tlits  exhaustion  of  the 
Chromophil  occurs  whether  the  excitation  is  normal  or  tx- 
perimental,  as  under  the  stimtilus  of  the  variable  electrical 
state.  Tlie  ChromophiJ  tlierefore  appears  to  be  a  substance 
which  is  kepi  in  reserve  for  the  supply  of  nervous  energy. 
On  awakening  in  the  tnoming  the  cells  of  the  nerve  cen- 
tres are  found  to  be  charged  with  Oiromophii,  while  it 
almost  entirely  disappears  after  the  day's  work. 
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a.  Ptwoomena  of  ^reat  importance  occur  where  the  n«u- 
fones  irticulatc  one  with  another.  i.e,,  at  the  synapsis  of 
the  dendrites  of  one  neurone  with  t)K  aborisation  of  tlie 
axis-cylinders  of  another  neurone.  The  teniiinal  filaments 
of  the  dendrites  and  of  the  aborisations  are  endowed  witli 
anuxboid  movements. 

The  labours  of  Mile.  Stefanotvska  nnd  of  Oudirr  luve 
proved  iJiis  amoeboid  movement  beyond  tliv  reach  of  doubt. 

It  has  been  found,  moreover,  tliat  when  the  peripheral 
neurones  are  subjected  to  prolonged  faradisation,  their  pro- 
lon^tions  retract  and  disappear  within  the  body  of  the 
cdL 

274,  Structure  of  the  Nerve. — The  ner%-e  is  compofted 
of  a  bundle  of  ncrrous  filaments,  cclluHpetal  or  cellultfogal 
prolongations  of  the  neurone.  This  ncT\'Ous  Blament.  for- 
merely  called  the  axis-cylinder,  is  surrounded  by  a  sheath  of 
myelin  and  an  external  membrane,  the  white  substance  of 
Schwawt.  The  nervous  filantcnts  are  grouped  into  bundles 
united  by  connective  tissues,  the  neurilemma,  in  which  run 
the  nutrition  vessels  of  the  nerve. 

275.  Function  of  the  Nerve. — Tlie  principal  r6le  of 
the  nerve  is  that  of  conduction.  The  nervous  filaments 
may  be  compared  to  multiple  insulated  electric  coinluctors. 

The  \-elocity  of  conduction  of  the  nervous  flux  along 
a  nerve  is  some  30  (o  60  metres  per  second.  We  must  not 
conclude  from  the  difference  of  velocity  of  the  nervous  flux 
and  of  an  electric  current  that  there  is  no  analogy  between 
the  two  phenomena.  The  propagation  of  electricity  through 
non-metallic  conductors  is  often  extremely  stow. 

.Anatomically,  the  nerves  are  divided  into  motor,  sensory 
4nd  mixed.  To  these  must  be  added  nerves  of  special  func- 
tioo  tuch  as  secretory  nerves. 

A  nerve  nay  be  composed  entirely  of  cellutifugal  or  of 
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cellulipelal  fibres,  or  it  itay  contain  a  mixture  of  th«  two. 
A  nerve  litament  possesses  no  special  conductivity  for  a 
special  sensation,  or  a  special  nervous  inRux.  Its  coiincction 
with  the  nerve  centre  alone  determines  the  functional  special- 
isation of  a  nerve  fibre.  Moreover,  the  nerve  caitrcs  them- 
selves arc  not  exclusively  specialised  for  one  definite  func- 
tion. An  organ  which  has  been  specialised  by  habit  for  a 
given  function  may  take  on  another  ftinction.  The  equilib- 
rium of  the  organiMn  is  such  that  this  mutation  of  function 
may  frequently  occur,  to  the  great  profit  of  the  general 
economy. 

Although  the  topography  of  the  varioxis  ncr^-ous  territor- 
ies, whetlier  motor  or  sensory,  is  mapped  out  for  us  in  our 
works  of  anatomy,  we  imist  remember  that  their  boundaries 
are  far  from  being  well  defined.  In  consefjuence  of  anas* 
tORiosis  between  different  nerves,  especially  at  their  terminal 
plexus,  each  nerve  includes  fibres  l)elonging  to  an  adjacent 
territory.  In  this  way  may  be  explained  the  persistence  of 
sensibility  or  mobility  in  a  territory  whose  nerve  has  been 
divided,  and  also  the  occasional  rapid  restoration  of  its 
functions,  although  the  regeneration  of  the  ner\'e  trunk  is 
not  com|)lete  for  many  months. 

376.  Electrotonus.— When  a  nerve  is  submitted  to  the 
action  of  a  constant  current,  it  becomes  the  area  of  various 
phenomena  which  arc  united  under  the  name  of  electro- 
tonus. ' 

Elcclrotonus  comprises  two  distinct  phenomena. 

I,  Electrotonic  currents.  According  to  some  authorities, 
the  formation  of  cicctrotonic  currents  is  a  purely  physical 
phenomenon,  whilst  others  regard  it  as  entirely  physiolog- 
ical. 

>  AccordinK  lo  WiaiciDskr.  it  irtiH  not  da  Bob-Rryniond  who  dis- 
covfTcd  c!<nra(onu4.  The  true  disco^-crcr*  were  Uic  French  physi- 
olocisis,  Lonxei  and  Gerard,  who  gave  at  (he  Mine  litne  the  Ibeory 
of  ih<!  phenomena.  (Sot.  de*  Natiir.  dr  Moscow,  Dec-,  ipoc^  Ai- 
chivcs  d'EIectriciii  Mciliciile,  April,  tgoa.) 
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2.  The  modification  of  the  phenomena  of  excitation  of 
a  nerve  while  traversed  by  an  electric  current 

277.  Electrotonic  Currents  —  Anelectrotonus  —  Cath- 
electroumus. — Let  A  B,  Fig.  48,  be  a  nerve,  of  which  a 
segment  a  b  is  galvanised  by  means  of  polarisable  elec- 
trodes. If  t*'o  unpolarisablc  electrodes  be  placed  at  a*  and  b' 
and  connected  by  a  wire  passing  through  a  galvanometer, 
it  will  be  found  that  there  is  a  current  passing  through  a'  b' 
in  the  same  direction  as  that  through  a  b.  In  the  same  way 
it  may  be  demonstrated  that  there  is  a  similar  current  pass- 
ing through  a"  b".    Tbese  curreots  are  called  electrotonic 

Be.  <a 

currents.  The  cathelectrotonic  current  a"  b",  on  the  seg- 
ment of  the  nerve  below  the  cathode,  is  stronger  than  the 
anclpctrotonic  current,  a'  b',  on  the  segment  of  the  ner^-e 
above  the  anode,  ^^'hen  tlie  current  of  excitation  is  sud- 
denly broken,  the  electrotonic  currents  are  reversed  for  a 
moment  and  then  cease. 

378.  Modification  of  the  excitability  of  a  nerve  in  a 
■tate  of  Electrotonus. — In  the  nerve  A  B  in  Fig.  48.  it  Is 
found  that  the  portion  a"  b"  in  a  state  of  cathelectrotonus 
is  more  irritable  tnan  the  portion  a'  b'  which  is  in  a  state 
of  anelectrotonus.  As  long  as  the  current  flows  through 
a  b,  the  excitations  of  the  variable  state  are  stronger  on 
the  side  of  the  cathode  than  on  that  of  the  anode.  In  the 
region  of  caihelectrotoims,  a  stimulu.>i  Ifss  than  the  minimitm 
normal   stimulus   is   sufficient   to   cause  excitation,   cither 
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&cnsor>'  or  motor,  whereas  in  the  region  of  aitdeclrotonitt 
a  stimulus  grcaUr  Uian  the  minimum  normal  sttmului  is 
required  in  order  to  produce  any  response. 

279.  Nature  of  Electrotonui. — The  nature  of  these 
phenomena  is  still  under  discussion.  One  view  is  that  elec- 
Irotonic  airreni*  are  purely  physical,  the  condition  of  the 
nerve  being:  similar  to  that  of  a  platinum  wire  plunged  in 
an  electrolytic  solution.  {Herman,  Matencei.)  On  the 
other  hand  dit  fiois-Reymand  regards  the  phenomena  of 
electrotonus  as  inseparable  from  the  vital  pr<^>efties  of  the 
nerve.  We  shall  return  to  this  question  when  we  come  to 
consider  the  phenomena  of  auto-electricity  produced  by  liv* 
ing  cells. 

a8o.  Physiological  action  of  the  continuous  current  on 
the  nerve  centres. — We  shall  not  allude  here  to  cxperi* 
menu  in  whicli  tlie  electric  excitation  is  applied  directly 
to  the  cerebral  cortex.  The  results  of  these  experiments 
are  due  to  the  action  of  the  variable  electrical  state,  as 
cvideiwcd  by  contraction  of  various  muscular  groups,  which 
correspond  with  the  precise  cortical  area  which  is  stim- 
ulated. 

Mediate  gah-anisation  of  the  cerebrum  is  carried  out 
by  applying  large  electrodes  to  the  forehead,  temporal  re- 
gions and  neck.  \\''hen  a  current  is  passed  with  an  electrode 
oil  each  temporal  r^on,  there  is  a  sensation  of  vertigo. 
The  subject  seems  drawn  towards  the  cathode,  and  ia 
order  to  oppose  the  sensation  leans  to  the  side.  When  th* 
anode  is  placed  on  the  forehead  and  an  indifferent  electrode, 
on  the  neck  or  body,  the  patient  experiences  an  increase  ofl 
intellectual  lucidity,  whereas  if  the  frontal  electrode  is  a 
cathode,  there  is  a  sensation  of  somnolence.     {Ltdut.) 
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APPENDIX. 

Electric  Pbeaomena  prop«r  to  Urine  Hhiu. 
Animal  ElectrogenesU. 


381.  General  Considentlons. — Just  as  in  the  inorganic 
world,  alteration  of  molecular  cnciTfy  is  manifested  by 
electric  j^Mnomcna.  so  in  the  hving  organism  the  work  o£ 
the  cell  is  accompanied  by  a  production  of  electricity. 

This  production  of  electricity,  which  is  vcrj'  slight  under 
ordinary-  circumstances,  may  occasionally  attain  considerable 
proportions.  In  some  animals,  the  electric  fish  for  exampte. 
this  eleclrogcnic  function  is  rcrrwrkably  developed. 

The  production  ol  electricity  by  the  muscles  and  nerves 
was  suq>ected  by  Galt-ani,  but  was  denied  by  I'oUa;  it  was 
further  elucidated  by  .\fatleuci  aitd  du  Bois-Rcytnond.  It 
was,  however,  as  a  result  of  Lippmann's  experiments  on 
electro-capillarity  that  d'Arsonval  was  able  to  build  up 
his  theory  of  animal  elcctrogenesis. 

The  prodiKtion  of  electricity  by  muscles  and  nerves  may 
be  studied  under  two  conditions,  wiUi  the  tissues  in  a  state 
of  action  aitd  in  a  state  of  repose. 

282.  Auto-Electnc  Phenomena  of  muscle  in  a  state 
of  repose.— I.  If  we  test  a  portion  of  a  cylindrical  muscle, 
bounded  at  either  end  by  a  set-tion  at  right  angles  to  its 
length,  we  shall  find  tlie  following  electrical  conditions : 

I.  Any  point  of  its  external  longitudinal  surface  Is  posi- 
tive when  compared  with  any  point  of  the  transverse  sections. 
If  by  means  of  unpolarisable  electrodes  we  connect  any  point 
on  die  longitudinal  surface  with  any  point  on  the  transverse 
section,  there  will  be  a  current  through  the  wire  from  tlie 
surface  to  the  section. 


22S 


PART  u CIIMTn  t 


3.  The  positive  potential  of  the  external  tongituditixl 
surface  becomes  higher  as  we  approach  tlie  middl*  of  the 
muKle.  On  the  tranfiverse  section  the  point  becomes  more 
clcctro-ncgative  as  we  approach  to  tlie  centre  of  the  section. 

II.  If  the  sections  at  the  ends  of  the  cylindrical  muscle 
are  oblique,  instead  of  at  right  angles  to  its  axis,  the  maxi- 
mum po^live  potential  will  be  found  at  the  obtuse  angle, 
white  the  most  electro-negative  region  will  be  at  the  acute 
angle.  The  gastrocnemius  muscle  of  the  fro^  has  this 
rhomboida)  fonn,  the  insertion  of  the  muscular  fibres  into 
the  tendon  forming  the  oblique  transverse  section.  Hence 
tlicre  is  always  £  great  difference  of  potential  between  the 
oblique  and  the  acute  angle.  This  muscle  is  very  convenient 
for  demonstrating  the  difference  of  potential,  since  whatever 
points  of  the  muscle  are  joined  up  a  current  is  produced. 

in.  The  difference  of  potential  between  different  points 
of  a  muscjc  explains  the  contractions  which  result  when  any 
two  non-equipotential  portions  of  a  muscle  are  joined  up. 
This  may  be  done  by  a  metallic  conductor,  as  in  Galvoni's 
experiment,  or  by  another  muscle,  or  by  unmersJon  in  a 
liquid  conductor. 

IV.  The  eJectromotive  force  of  a  muscle,  i>.,  the  differ- 
ence of  potential  between  the  positive  and  negative  area^', 
may  be  some  hundredths  of  a  volt  («3  to  .07  volt). 

283.  Auto-electric  Phenomena  of  the  nerve  in  repose. 
— In  a  state  of  repose  the  nerve  presents  tlic  same  currents 
as  the  muscle.  These  arc,  however,  more  feeble,  and  on  ac- 
count of  its  small  aze  it  is  difficult  to  demonstrate  the  dif- 
fercnee  of  potential  between  points  on  the  tnmsverse  sec- 
tion  of  a  nerve. 

I.  For  a  nerve,  as  for  a  muscle,  there  exists  a  difference 
of  potential  between  the  longitudinal  surface,  wliich  is  posi- 
tive, and  the  transverse  section,  which  is  negative. 
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2.  Id  a  nervr.  as  io  a  muscle,  the  potential  increases  as  w« 
approach  the  middle  point  of  the  s(^»nrem. 

3-  In  the  nerve  there  is  an  additional  current,  the  axial 
currenl,  which  is  shewn  when  any  two  transverse  sections 
of  the  nerve  arc  joined  by  a  conductor.  This  axial  current 
in  a  centrifugal  nerve  it  ascending,  whereas  it  is  descending 
in  the  case  of  a  centripetal  nerve.  The  axial  current  is 
therefore  in  the  opposite  direction  to  the  physiological 
nervous  flux.  The  axial  current  is  also  more  intense  in  the 
more  important  nerve$,  as  for  instance,  the  vagus,  in  which 
the  electrontotive  force  is  considerable.     (Mendelssohn.) 

These  currents  of  repose  are  Eoimd  in  all  nerves,  in  those 
wiUiout  as  well  as  those  with  a  myelin  sheath,  altliough  in 
the  former  they  are  much  more  feeble. 

284.  Auto-electric  Phenomena  of  a  muscle  in  action. 
— If  we  measure  tlic  current  of  repose  on  the  galvanometer, 
and  then  cause  the  muscle  to  contract,  we  sliall  see  the  cur- 
rent fall  at  once  to  half  its  former  intensity.  The  contrac- 
tion of  the  muscle  has  therefore  produced  an  electromotive 
force  In  a  direction  contrarj'  to  tluit  of  the  current  of  repose. 

Du  Bois-Reymond  calls  this  phenomenon  "The  negative 
variation  of  the  current  of  repose,"  considering  it  as  a  sim- 
ple diminution  in  this  current.  Jiermann,  on  the  other  hand, 
considers  it  to  be  an  added  electromotive  force,  a  current  of 
aelion. 

The  n^:alive  variation,  or  current  of  action,  takes  place 
before  the  actual  occurence  of  contraction.  When  a  muscle 
is  stimubled.  a  certain  lime  elapses  before  it  contracts.  It 
is  during  this  inter\-al  tliat  the  n<^tive  variation  of  the  cur- 
rent is  produced. 

The  negative  variation  which  accompanies  the  phy^inlog- 
ica!  contraction  of  the  heart  in  systole  may  be  easily  demon- 
strated. 
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285.  Auto-dectric  Phenomena  of  nerves  in  action.— 
The  current  of  repose  in  a  nerve  is  diniinisbed  by  any  stim- 
ulus, whatever  the  mode  of  excitation,  electric,  mechanical 
or  cerebral.  The  result  is  the  saiiic  for  fibres  vaxh  or  with- 
out a  myelin  sheath,  although  in  the  latter  case  tlie  varia- 
tion is  less  apparent. 

The  negative  variation  may  be  observed  in  a  nerve  for  iz 
to  48  hours  after  death  or  removal  from  the  body. 

When  a  portion  of  tlie  length  of  a  nerve  is  excited  by 
a  oontinuous  current,  tlic  nerve  is  traversed  by  elcctrotonic 
currents,  which  may  be  r^arded  as  currents  of  actioa,  set 
up  by  the  stinmlus  of  the  galvanic  current. 

2861.  Extemat  manifestations  of  auto-electric  phenom- 
ena in  living  beings. — On  account  of  the  grcai  resistance 
offered  by  the  skin,  ii  is  exceedingly  difficult  to  demonstrate 
the  current  of  repose  in  a  muscle  in  situ  in  tlie  living  sub- 
ject. tyArsotival,  however,  has  been  able  to  demonstrate  it 
by  making  an  incision  in  the  skin  and  introducing  an  un- 
polarisable  ekctrode  at  either  end  of  the  muscle.  The 
wound  made  by  eitlier  electrode  having  an  etjual  effect,  the 
difference  of  potential  observed  must  be  llie  measure  of  the 
current  of  repose. 

The  nef:ativc  variation,  or  current  of  action,  is  more  easy 
of  demonstration.  The  following  experiment  is  due  to  du 
Bois-Reymond. 

Two  vessels  containing  sulphate  of  isinc  solutioTi  are  con- 
nected with  a  galvanometer,  ami  one  hand  of  the  subject 
is  placed  in  each  vessel.  As  long  as  the  arms  remain  at 
rest  the  galvanometer  will  register  o.  If  now  the  muscles 
of  the  lian<l  are  contracted  bj'  a  voJuntary  effort,  the  needle 
will  deviate,  shewing  an  ascending  current  in  the  contract- 
ing arm.  Tlie  difference  of  potential  is  of  the  order  or-r^ 
of  a  volt. 
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It  Has  been  objected  that  tlie  current  might  be  due  to  the 
excretion  of  sweat  in  tlie  contracted  Itnib.  Du  Bois-Rey- 
mond,  howe\-er,  shewed  that  the  current  due  to  perspiration 
was  not  an  ascending  one.  The  clinical  observations  of 
MendeUsohn  confirm  du  Bois-Reymond's  opinion.  In  pa- 
tients suffering  from  unilateral  hydrosis  of  nervous  origin, 
there  is  a  airrcnt  due  to  the  secretion  of  sweat.  There 
is,  however,  no  difference  in  the  intensity  of  tlic  cur- 
rent of  contraction  when  tlie  patient  contracts  the  two  anns 
alternately.  Moreover,  in  patients  suffering  from  ichthy- 
osis, in  which  perspiration  is  absent,  the  current  of  contrac- 
tion is  equally  well  marked.  En  certain  paralytic  patients 
with  exaggerated  sweat  secretion,  i{,-ndeIssohn  observed 
that  there  was  no  true  ascending  current  produced  by  the 
effort  to  contract  the  paralysed  muscles.  The  effort  was 
followed  by  increased  sudation,  but  not  by  any  muscular 
movement.  The  needle  of  the  galvanometer  shewed  only  a 
few  vague  and  feeble  oscillations.  The  experiment  of  du 
Bois-RcymoHd  is  therefore  coodusive,  the  current  is  the 
negative  current  due  to  muscular  contraction. 

The  oirrents  due  to  muscular  contraction  of  tlie  heart  may 
be  also  observed  through  the  integuments.  Waller  has 
sbevn  that  there  is  a  difference  of  potential  due  to  this 
cause  between  the  right  hand  and  the  left  hand,  and  between 
the  back  and  the  front  of  the  thorax. 

Independently  of  thoc  special  variations  of  potential,  ttie 
general  surface  of  the  body  is  electro-positive.  ThU  electric 
tension  explains  the  phenomena  sometimes  observed  in  hys- 
terica] girls,  in  whom  tlie  electric  tension  may  sometimes 
become  high  enough  to  produce  sparks.  It  must  be  remem- 
bered thai  all  cell  action  produces  electricity.  The  electric 
currents  due  to  glandular  action,  and  especially  to  that  of 
the  sodoriparous  glands,  are  ver^  appreciable. 
14 


287.  Auto^ectric  Phenomena.— There 'arc"two  oppo- 
site explanations  of  auto-electric  phenomena. 

1.  Du  Bois-Reymond  believes  that  the  living  molecule  is 
the  original  cause  of  the  difference  of  potenlial,  and  that  the 
currents  of  repose  in  muscle,  nerve  and  gland  are  tbc  mani- 
festations of  this  electro-genesis. 

2.  On  tlie  other  hand  Hermann  considers  lliat  the  animal 
electricity  is  caused  by  lesion  of  the  tissue  during  the  course 
of  preparation,  each  point  which  has  been  injured  becoming 
dectro-negative  in  comparison  to  a  surface  which  is  intact. 

Du  Bois-Reymond  considers  each  element  of  a  muscle  or 
nerve  to  be  a  reduced  image  of  the  whole,  with  a  positive 
external  equatorial  region  and  a  negative  axial  region.  The 
resultant  of  these  electrical  tensions  in  the  elements  of  a 
musdc  would  be  the  electrical  tension  of  muscular  repose. 
The  negative  variation  or  current  of  action  would  result 
from  any  perturbation  in  the  arrangement  of  the  musciiUr 
(;!cmcnt8  at  the  moment  of  contraction. 

In  Hermann's  view  the  current  of  repose  is  due  to  altera- 
tion of  the  tissue  by  injury,  the  negative  variation  of  con- 
traction being  cau-tcd  by  a  true  current  of  action,  any  point 
of  stimulation  becoming  negative  when  compared  with  the 
rest  of  the  organ.  The  controversy  is  far  from  being  settled, 
and  quite  recently  tFArsonval  has  brought  forward  a  new 
theory, 

268.  D'Arsonval's  theory  of  animal  electro-genesis. — 
D'Arsonval's  theory  depends  upon  the  electric  phenomena 
associated  tilth  alterations  of  surface  tension  in  liquids. 

1.  E.ich  molecule  of  matter  exercises  a  force  of  attraction 
on  those  in  its  vicinity.  The  attractive  force  i«  only  exer^ 
cised  through  a  very  short  <ltsLance.  so  that  each  molecule 
may  be  considered  as  surrounded  by  a  limited  "sphere  of 
influence."    The  radius  of  this  sphere  is  tlie  range  of  mote- 
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cuUr  attraction.  In  a  liquid  the  molecules  are  placed  with'n 
thU  radius  of  molecular  actinty,  whereas  the  molecules 
of  a  gas  are  outside  the  range.  Let  us  consider  a  sbgte 
molecule  of  a  liquid.  Its  sphere  of  influence  will  be  spherical 
so  long  as  it  is  at  a  distance  from  the  surface  of  the  liquid. 
If,  however,  the  molecule  is  near  the  surface,  the  field  of 
action  is  no  longer  symmetrical.  Wlien  it  i«  part  of  lh« 
superficial  layer,  it  has  no  molcciile  above  it  on  which  to 
e-xcrcise  an  attractive  force.  In  t!iis  asymmetrical  field  then 
the  attraction  between  the  blerally  situated  molecules  is  in- 
creased. By  this  means  a  .wrt  of  elastic  skin  Li  formed  on 
the  surface  which  bounds  the  liquid  mass.  The  force  which 
unites  the  molecules  of  the  upmost  layer  is  called  the  surface 
tension. 

This  surface  tension  of  a  liquid  mass  is  the  cause  of  a 
number  of  inlercstinp  phenomena.     A  steel  needle  can  be 
floated  in  water  if  the  surface  uf  tlic  »ktn  is  not  broken.     In* 
sects  can  walk  on  the  surface  of  a  pond.    Tlie  various  phe- 
nomena of  soap  bubbles  and  soap  films  are  due  to  the  same 
cause.    The  best  liquid  to  exhibit  these  phenomena  is  one 
composed  of  300  grammes  of  sugar  and  15  grammes  of  soap 
in  a  htre  of  water  (Tfri/Mcwi)  or  a  30%   to  509&  solution 
of  castor  oil  in  collodion.    {Imbert.    Traitc  dc  Phj'siquc 
Btologique.) 
H^    Surface  tension  is  measured  by  the  resistance  which  a 
Hliquid  surface  offers  to  rupture  and  is  stated  in  milligrammes 
Vper  unit  length. 

Other  phenomena  are  exhibited  by  the  modification  of 
the  surface  tension,  due  to  the  contact  of  two  liquids  which 
do  not  mix,  or  to  the  contact  of  a  liquid  and  a  solid.  The 
presence  on  the  free  surface  of  a  liquid  of  the  molecule*  of 
another  liquid  tends  to  re-e*t^hltsh  the  symmetry  of  tlic 
molecular  spliere  of  action,  and  thus  to  diminish  the  surface 
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tension.  Suppose  we  place  a  drop  of  liquid  A  on  the 
free  surface  of  another  liqtiid  B,  with  which  it  will  not  mix. 
T1>c  surface  tension  of  A  will  be  diminished.  If  the  surface 
tension  remains  sufficiently  strong,  it  will  prevent  the  spread- 
ing of  the  drop.  On  the  other  haiid  llic  surface  tension  may 
be  entirely  annulled,  or  even  reversed,  so  that  the  attractive 
force  of  the  superficial  layer  is  less  than  titat  of  the  central 
molecules,  tn  which  case  the  surface  of  A  will  tend  to  spread. 
The  greater  tliis  "negative  tension"  the  inore  ra(«dly  a  drop 
of  liquid  A  or  coming  into  contact  with  B,  will  spread  over 
the  surface  of  B.  Tliis  explains  the  spreading  oi  a  drop  of 
oil  on  the  surface  of  water.  The  same  diminution  of  surface 
tension  occurs  when  a  liquid  comes  into  contact  with  a  solid. 
When  a  liquid  does  not  moisten  the  solid,  it  is  because  its 
surface  tcnsiign  is  not  rednccd  to  zero  by  contact  with  the 
solid.  When  a  liquid  moistens  a  solid,  it  is  because  its  sur- 
face tension  has  become  negative  by  contact  with  the  solid 
surface.  This  h  the  cau&e  of  the  phenomena  of  Capillarity, 
the  ascension  of  liquids  which  moisten,  and  the  depression 
of  those  which  do  not  moisten  the  capillary  tube,  the  forma- 
tion of  a  concave  meniscus  on  tlic  surface  of  a  liquid  that 
moistens  the  walls  of  the  vessel,  and  of  a  conve.x  meniscus 
in  the  surface  of  a  liquid  that  docs  not  moisten  the  walls  of 
the  vessel  in  which  it  is  contained. 

II.  Lippmann  has  shewn  liiat  all  changes  of  surface  ten- 
Mon  give  rise  to  electric  phenomena.  A  plobnle  of  mercury, 
in  dilute  acid,  becomes  electro-positive  when  deformed  by 
mechanical  means  so  as  to  inscrease  its  surface  area.  On 
tlie  other  hand,  it  becomes  electro-negative  when  its  surface 
area  is  diminLthed.  Thi*  may  be  shewn  by  placing  the 
mercury  and  the  acid  in  communication  with  tlie  poles  of  a 
galvanometer. 

Conversely  any  modification  of  the  electric  state  will 
change  the  surface  tension  of  a  liquid. 
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Tilts  is  the  principle  on  which  Lippmann's  capillary  elee- 
trooKter  is  based. 


Fig.  40'~tip(iniaiin'(  EI«c1roiiieler. 

The  capillary  electrometer  consists  of  a  glass  hibc  A, 
drawn  out  into  a  slightly  conical  capillary  at  one  end.  The 
tiibe  is  filled  witli  mercury  and  its  extremity  is  immersed  in 
a  vessel  B  containing  dilute  acid  with  a  Mnall  quantity  of 
mercttry  at  the  bottom.  The  height  to  which  the  mercury 
rises  in  the  tube  A  is  a  function  of  the  surface  tension  where 
the  mercury  i§  in  contact  with  the  dilute  acid.  U  now  a  cur- 
rent be  passed  from  the  mercury  in  the  vessel  to  tliat  in  the 
tube  by  means  of  the  electrodes  C  and  D.  the  position  of  the 
meniscus  of  separation  will  alter,  owing  to  changes  in  sur- 
face tension  due  to  the  current.  Tliis  is  a  most  sensitive 
apparatus,  enabling  us  to  appreciate  variations  of  potential 
of  the  order  of  — ! —  of  a  volt 

10.0TO 

III.  Tliese  facts  led  (^Arsonval  to  formulate  his  theory 
of  animal  electro-genesis.  This  llicory  he  supported  by  a 
scries  of  experinients,  the  most  interesting  of  which  is  that 
of  the  artificial  muscle.  This  conflists  of  an  india-rubber 
tube,  dividcii  into  a  series  of  compartincnU  by  means  of 
porous  discs.  Hadi  compartment  is  filled  by  a  layer  of 
mercury  and  one  of  dilute  acid.  When  tlic  tube  is  suddenly 
stretched  a  current  is  produced  which  can  be  easily  detected 
tl>y  the  ordinary  apparatus.    Experiments  on  this  artificial 
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muscle,  together  with  his  observation  on  animal  musdc,  have 
enabled  <i'.4rsonval  to  explain  tlie  current  of  repose  as  well 
as  tltc  neigative  change  preceding  contraction. 

The  processes  of  organic  life  consist  of  molecular  move- 
ments which  are  essentially  impcrccjHiblc,  By  means  of 
the  telephone,  d'Arsoni'd  has  demonstrated  the  reality  of 
these  infinitely  small  deformations  of  liquid  surface,  which 
arc  quite  capable  of  producing  the  observed  electrical  phe- 
nomena. 

A  priori  one  would  expect  that  tlic  elongation  of  a  muscle 
by  a  mechanical  force  would  produce  an  electrical  manifesta- 
tion opposite  to  that  of  contraction,  viz.,  an  augmentation 
of  the  current  of  repose. 

This  is  in  fact  the  case,  and  has  been  proved  by  experi- 
ment No  other  hypothesis  offers  any  explanation  of  this 
obscrvatioo. 

289.  RSle  of  the  Ions  in  Organic  GIectro-geiMBms.p— 
As  Mendelssohn  lias  pointed  out,  some  of  the  manifestations 
of  animal  elcctro-gencsis  may  be  explained  by  the  movement 
of  the  ions  in  tlie  organism.  This  is  certainly  an  important 
source  of  the  electric  phenomena  going  on  in  tlic  living  body, 
and  logeilicr  with  electro-genesis  by  variation  of  surface 
tension  is  sufficient  to  afford  a  rational  explanation  of  animal 
electricity  in  its  various  manifestations. 


CHAPTER  It. 

PHYSIOLOGICAL  EFFECTS  OF  VARIATIONS  OP 
CURRENT. 

Vxriible  atate  *of  opening  and  closare — Induced  Currents— 
Extra  Currents— Alternating  tinnsotdal  Curreots— Undolatory 
Currcnta. 

L     Genual  Considcrationa. 


29a  Tile  Variable  State. — Any  variation  of  current 
has  two  principal  cfTecU  on  the  org'anism. 

1.  It  causes  sensalioti.  This  is  propagated  to  the  nerve 
centres  by  means  of  the  sensory  nerves. 

The  sensation  proJuccd  by  current  variation  cannot  be 
traced  further,  since  the  intimate  phenomena  of  percqition 
are  still  unknown.  We  shall  alhidc  to  this  again  when  wc 
come  to  study  the  laws  wliich  treat  of  sensory  impressions. 

2.  It  produces  a  motor  excitation.  Tlii.*  is  followed  b) 
muscubr  contraction,  whetlier  the  stimulus  be  applied 
directly  to  the  muscle  or  lo  the  nerve  which  supplies  it. 

The  study  of  motor  excitation  requires  some  knowledge 
of  its  mechanism.  Muscular  contraction  is  the  index  of 
pfaysico^emical  excitation  and  of  both  rcHcx  and  central 
siunulatioR.  We  must  therefore  investigate  the  mechanism 
of  musctilar  contraction  and  the  architecture  of  the  muscular 
elements. 

291.  Constitution  of  Muscle — Mechanism  of  contrac- 
■tion  under  the  stimulation  of  the  variable  state, — Con- 
tractility is  not  the  exclusive  property  of  muscle.    Otlicr 
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organic  dements,  such  us  leucocytes  and  the  cells  of  ciliated 
epithelium,  are  contractile  aitd  respomi  like  muscle  to  ex- 
ternal stimuli.  We  aLso  fiutl  entire  OTganisms  such  3$  the 
amixbx  and  ciliated  infusoria,  in  which  the  contractile  tissue 
lias  not  been  diffcreiiliated,  and  which  respoild  en  bloc  to  ex- 
ternal stimuli. 

It  is  interesting  to  notice  how  simple  and  rudimentary  are 
the  primitive  muscular  elements  in  animals  tike  the  hydra, 
in  which  wc  can  examine  tlie  conunenccnient  of  differentia- 
tion of  contractile  tissue. 


fig.  sa— A,  EctodennJc  cell.— B,  Pcdundc— C  Coirtr»eti3e 
portion  of  th«  ceil. 

In  th»G  animals  the  cells  of  the  ectoderm  arc  furnished 
with  cxpan»ons,  which  penetrate  more  deeply  into  the  meso- 
derm. This  expansion,  which  is  attached  to  the  ectodcrmic 
cell  by  a  peduncle,  is  alone  endowed  with  contractility. 

The  cell  is  a  rudimentary  neurone,  the  peduncle  beings 
the  future  nerve,  and  the  expansion  the  muscle  fibre.  A 
nucleus  soon  makes  its  appearance  in  this  contractile  por- 
tion, and  it  then  speedily  taJtea  on  an  independent  existence. 

This  rough  sketch  of  the  development  of  the  nerves  and 
muscular  tissues  shews  very  clearly  the  relationship  between 
the  neurone  and  the  muscle  fibre,  a  relationship  which  rn  die 
higher  animals  has  become  so  complex. 

We  may  now  pass  on  to  consider  the  two  varieties  of 
muscular  fibre,  the  final  stages  in  the  development  of  the 
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pHmilire  conlractilcr  plasma.  These  arc  tJic  striated  and  the 
non'Striated  muKuUr  fibre. 

The  striated  miutuhr  fibre  is  characterised  by  tJie  rapidity 
of  its  contraction.  It  con&litutefl  tlic  muscles  of  voluntary 
action, — the  muscles  of  relation  and  of  animal  life. 

Non-strialed  or  smooth  muscular  fibre  i&  characterised  by 
the  slowness  of  its  contraction,  recalling  that  of  tlie  primitive 
plasma.  It  is  an  clement  which  is  less  higlily  differentiated 
and  at  a  lower  stage  of  evolution. 

We  may  proceed  to  study  tlic  architecture  of  the  striated 
and  of  the  smooth  muscular  fibre,  omitting  for  the  present 
the  special  musculature  of  the  heart. 

393.  Architecture  of  Striated  Muscle. — Voluntary 
muscles  are  formed  of  striated  fibres,  bound  together  by 
connective  tissue.  The  contractile  element,  the  muscular 
unit,  is  the  striated  fibre.  It  is  a  cell  of  fu.siform  shape,  4 
to  5  cm.  in  lengtli  and  40  to  50  fi  in  diameter.  It  contains 
several  nuclei  and  is  surrounded  by  an  envelope,  the  sarco- 
lemma  or  myolemma,  which  is  the  original  cell  wall. 
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Fig.  51.— A,  Tliin  diK.  Amki'«  band.— B,  Ocar  band,  sbgle  or 
Soabic  Hensen'i  band. — C.  Thklt  disc  divided  into  two  or  ilif« 
Uyen  of  Hcmai't  bands.— D.C,  Clear  disc. — D.F,  Opaque  disc. 

This  striated  fibre  is  composed  of  cylindrical  fibrilise,  i  ^ 
to  3^  io  diameter,  whidi  pass  from  end  to  end  of  the  fibre. 
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This  (livistoa  into  fibrillx  is  marked  hy  a  longiludinal  stria- 
tion  which  is  often  as  noticeable  as  the  iransverse  striation. 

When  io  repose,  each  tibrilla  is  formed  of  a  niimbcr  of 
clear  and  dark  discs  supeqKiscd  on<;  upon  t)ie  oilier.  The 
cirar  disc  is  traversed  by  a  dark  stripe,  (be  stria  of  Amu:L 
The  dark  disc  is  traversed  by  one  or  two  strijc,  the  bands  of 
Henson.  Tlic  clearer  portions  are  probably  formed  of 
liquid  muscular  juice. 

AmUi's  disc  is  probably  the  membrane  limiting  what 
Krause  calls  a  muKular  case.  Tlic  opaque  segments  of  tlie 
thick  disc  are  the  contractile  portions  of  the  fibre.  (Enget- 
mann,  Raniier.) 

Carnoy  and  Van  Cehuchlai  regard  the  muscular  fibre  as 
a  system  of  transverse  and  longitu<lina!  trabecul?e,  which 
form  a  network,  the  meshes  of  wliicti  arc  filtcdwitli  muscular 
juice,  the  myositic  enchyl^me.  In  tlieir  opinion  the  net- 
work is  the  contractile  element,  the  liquid  remaining  passive. 

Wc  must  now  turn  our  attention  to  the  mode  of  termina- 
tion of  the  nerve  fibres,  the  conductors  of  stimulation  to  the 
muscle. 

Each  muscular  fibre  is  supplied  by  a  nerve  filament  from 
tlie  terminal  plexus  of  the  motor  nerve.  This  nerve  fila- 
ment is  terminated  by  a  iipecial  organ,  ttie  motor  plate  of 
Rougct,  which  is  situated  beneath  the  myolcmma.  (Ran- 
z'ier.) 

The  motor  plate  consists  of  a  granular  substance  fonned 
from  the  plasma  of  the  muscle  cell.  lu  iliis  granular  sub- 
stance the  nerve  filament,  stripped  of  its  mycline  she^tli, 
breaks  up  into  a  "terminal  aborisalion,"  each  twig  of  which 
is  in  connection  witli  a  muscular  Rbrilla.  The  ncr^-e  twig 
is  lost  on  the  surface  of  the  fibrilla  and  the  microscope  does 
not  shew  if  there  continuity  between  the  nen'ous  and 
muscular  tistuc,  although  embryology  would  lead  us  to  sup- 
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pose  tbis  to  be  the  case,  tbe  motor  expansion  of  the  cell  being 
origLnally  a  portion  of  the  plasma  of  the  ectodermic  cell. 

293.  The  Phenomena  of  Contraction. — The  phenom- 
ena of  contraction  are  not  as  yet  well  understood,  since  the 
constitution  of  the  striated  muscular  fibre  itself  is  still  a  mat- 
ter of  doubL  Tbe  opaque  discs  arc  usually  considered  to  be 
the  seat  of  contraction. 

According  to  Bngelmann  there  is  absorption  of  tlic  dear 
liquid  at  tiic  moment  of  contraction.  Accurdiing  to  Raii- 
vier  there  is  an  exodus  of  clear  liquid  when  the  muscular 
segments  contract  and  become  spherical,  whilst  Carnoy  and 
Van  Cfhuchten  hold  that  there  is  contraction  of  the  tra- 
beculae  of  the  dark  coloured  nclwork. 

Whatever  (he  mechanism  of  contraction,  we  may  say  tliat 
in  the  evolution  of  striated  muscuLir  fibre,  certain  specially 
contractile  dements  have  been  diiTercntuUed  from  the  plasma 
of  the  contractile  cells.  These  are  probably  the  dark  discs, 
or  the  trabecule  of  Carnoy  and  Van  Gehuchten.  The  eon- 
tractive  dements  arc  in  intimate  relation  with  the  conductors 
of  nervous  impulse.  The  remainder  of  the  cellular  plasma, 
the  granular  pla>^m$  of  Rouger's  plates,  the  clear  segments, 
and  llic  myosj-tic  enchylcmc.  has  merely  a  nutrient  action, 
or  acts  as  a  packing  material. 

294-  The  architeaure  of  smooth  muscle.— Tlie  non- 
striated  or  smooth  muscular  fibre  is  of  much  simpler  struc- 
ture It  consists  of  fibres  100  to  200^  long,  and  4  ^  to  6  ft 
in  diameter.  These  have  no  transverse  strix,  but  are  fre- 
quently striated  longitudinally.  The  fibrills,  which  extend 
the  vbcHt  length  of  live  fibre,  arc  placed  round  ihc  periphery. 
The  centre  of  the  fibre  is  occupied  by  plasma,  the  sarct^lasm, 
which  lias  only  a  passive  or  nutritive  r6le. 

In  the  development  of  smooth  muscular  fibres,  the  plasma 
has  been  differentiated  into  a  more  contractile  porlioti,  the 
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fibriUx,  and  a  passive  portion,  the  sarcoplasma.    The  ncrva 
supply  consists  of  the  axis  cylinder,  the  ccllulifugal  process 
,  of  the  neurone.    The  nervous  fUamcnts  terminate  in  the 
middle  of  tlie  fibre  in  the  "tachc  motricc."    {Ranvicr.} 

395.  BxpUnation  of  the  phenomena  of  contraction  by 
the  laws  of  surface  tension. — We  have  already  seen  in 
par.  288.  how  d'.-lrsonivl  explains  the  electric  phcnontena 
exhibited  by  living  tissue  by  alterations  of  surface  tension. 
In  the  same  way  he  explains  the  mechanism  of  muscular  con- 
traction. The  semi-liquid  particles  of  the  muscle  arc  in  a 
state  of  equilibrium  between  the  forces  of  siuface  tension 
and  the  various  external  forces  acting  on  the  muscle.  Any 
alteration  in  the  electric  condition  will  disturb  the  equilib- 
rium, since  it  changes  the  surface  tension.  The  following 
is  M.  Imbert's  explanation  of  ilie  pheiioinena. 

a.  Contraction  of  smooth  muscle. — From  an  electrical 
point  of  view,  tlie  fibrills  may  be  con.'.idercd  as  consisting 
of  a  semi-fluid  substance  bathed  in  a  fluid  plasma.  Tfadr 
form  of  equilibrium  is  the  sphere.  Any  alteration  in  surface 
tension  would  not  alter  their  form  if  the  fibrillw  were  in  this 
State  of  spherical  equilibriiam.     But  if  they  have  been  previ- 

,  ously  distorted  by  external  forces,  the  nervous  influx,  like 
sn  electric  impulse,  will  tend  to  restore  them  to  their  prim- 
itive spherical  shape. 

b.  Contraction  of  striated  muscle. — ^The  explanation  of 
the  contraction  of  striated  muscle  is  associated  with 
the  fact  obsen-ei)  by  Ranvier  that  there  is  an  exuda- 
tion of  liquid  from  llie  dark  disc  s^nent  at  the  moment  of 
contraction.  The  nervous  influx  causes  an  alteration  of 
equilibrium  at  the  surface  of  contact  between  the  clear  and 
the  dark  discs,  and  a  consequent  change  of  their  form. 

The  explanation  of  d'Arsonval  and  Imbert  presupposes  flje 
similarity  of  a  nervous  and  an  electric  irUlux.    It  would. 
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however,  be  premature  to  conclude  that  the  two  are  identical. 
There  are  many  facts  which  seem  to  support  this  view. 
Tile  difference  in  the  velocity  of  propagation  of  ncn-ous  and 
electrical  impulses  is  not  conclusive.  Tlie  recent  labours  of 
d'ArtQHVal  and  tVeits  on  the  propagation  of  electric  waves  ^ 
in  muKlc  and  nerve  seem  to  indicate  a  similarity  in  the  mode 
of  transmission  of  nervous  and  electrical  impulses. 

H.    Efiect  of  the  Variable  State  of  opening  and  closure  of  a 
CoDtiouoas  CurrenL 

396.  Oenersl  considerations. — We  may  now  proceed 
to  consider  the  varying  electric  conditions  which  obtain  dur- 
ing the  time  of  opening  and  closure  of  an  electric  current. 
The  variation  of  the  current  may  be  expressed  by  the  graphic 
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method.  Fig.  52  is  a  diagram  of  the  varying  intensity  of  ; 
continuous  current  at  "make"  .ind  "break,"  the  abcissie  on' 
the  axis  representing  the  time,  and  the  ordinatcs  the  intensity 
of  the  current.  In  this  case  there  is  no  rheostat  re- 
sistance such  as  is  sometimes  used  to  increase  the  current 
frradually  from  zero  to  its  maximum  intensity.  The  dia- 
gnun  represents  the  variation  in  intensity  whicli  occurs  when 
we  apply  the  electrode  suddenly  to  the  skin,  or  what  is  better, 
close  the  circuit  by  means  of  a  key  after  the  electrode  has 
been  placed  in  position.  In  this  way  at  tlie  moment  of 
closure,  the  maximum  E,M.F.  is  applied  to  the  circuit 
Similarly  at  the  moment  of  opening  the  circuit,  the  rupture 
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of  the  circuit  is  instanUneous,  wh«t1ier  this  is  done  by  means 
of  a  key  or  by  llie  siKl<icn  removal  of  llie  electrode. 

During  the  period  of  dosure  ab,  the  current  increases 
rapidly,  attaining  its  maximum  value  at  b'.  The  intensity 
of  the  current  is  then  represented  by  bb".  During  the 
period  of  opening,  cd,  the  current  decreases  rapidly,  its 
intensity  falling  to  zero  at  d.  We  are  not  in  a  position  to 
meature  the  exact  duration  of  the  periods  a  b  and  c  d,  nor 
can  we  determine  the  forms  of  the  lines  a  b',  c  d'.  In  study- 
ing the  effcclK  of  opening  and  closing  the  circuit,  we  need 
only  take  into  consideration  the  maximum  intensity  of  the 
current 

We  may  now  proceed  to  investigate  the  relation  between 
the  electrical  excitation  and  tlie  physiological  response, — a 
question  about  whidi  there  is  much  debate. 

397.  Relation  between  the  electrical  excitaton  and  the 
muicular  response. — Dii  Bois-Rcymond  formulated  a 
simple  law  whidi  was  long  belie\'ed  to  be  genera]  in  its 
application.  According  to  tliis  law,  the  excitation  is  a  func- 
tion of  the  rapidit>'  with  whidi  the  strength  of  the  current 
varies. 

Thus  if  i  is  the  strength  of  the  current,  and  A  A  its 
variation  during  an  infinitely  short  time,  dt,  the  expression 

for  the  corresponding  excitation  will  be  E  -j--  ' 

Hence  the  more  gradual  the  rise  of  the  curve  of  dosure, 
the  feebler  will  be  the  excitation.  The  tinw  of  dosure  may  be 
prolonged  by  the  employment  of  a  rheostat  with  decreasing 
resistance,  or  by  increasing  the  self-induction  of  the  circuit. 
In  order  to  get  the  same  d^ree  of  excitation  with  a  more 
gradual  increase  of  current,  the  total  change  of  intensity 
must  be  aufimentcd  in  proportion  to  the  time  which  lite  cur- 
rent takes  to  attain  its  maximum  value.    We  may  suppose 
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'  the  momern  with  du  Btns-ReytHond,  that  the  total  excita- 
'  tion  is  the  integral  sum  of  the  elementary  excitations. 

Pick  shewed  that  du  Bois-Ri:ymo»d's  law  was  not  uni- 
versal, and  that  it  docs  not  holil  true  wheti  the  turvt  oi 
closure  is  at  a  vcrj-  small  angle  with  the  axis,  or  when  It 
perpendicular  to  the  axis*. 


V    <•■    rf' 


He  found  that  when  ab'  is  almost  vertical,  ■■<*.,  when 
the  time  ab  approaches  to  zero,  the  duration  of  the  cur- 
rent in  its  continuous  phase  b'  c'  d"  has  an  influence  on 
the  intensity  of  excitation.  According  to  du  Bou-Rey- 
mond's  law,  the  curve  at  ab'  is  the  only  portion  which 
needs  to  be  taken  into  consideration.  The  periods  b'  c', 
b'  d',  etc.,  during  which  the  strength  A  of  the  current 
docs  not  vary,  should  have  no  influence  on  the  value  of 

dA 


K  excitation  since  during  that  time  -?—  is  zero. 


i- 

^B  H'ciis  has  recently  tlirectetl  his  attention  to  the  wmc 

Hguestion.     His  results  arc  not  in  accordance  with  du  Bott' 

^Reymond's  laws,  at  all  events  in  cases  where  the  waves  are 

of  short  duration,  less  than  x>03  of  a  second.    His  work  is 

•0  important  that  we  shall  give  a  description  of  his  expert- 

^mcnts*. 

'  Fick.    Bdtriw    tar  vetRleichendrti  Physiologic   dcr  irritabdeit 
ubitanxcD,  i86,i,     BMwn»chw«K. 
*  Weiss  Arch.  lulicnncs  dc  Biologk  dc  Momo-,  1901,  t.  XXXV. 
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agS,  Weiss'  experinients — ist  Law. — Weiss  proceeds 
in  the  following  manner.  The  two  points  A  and  B  (Fig. 
54)  arc  connected  to  an  electric  source.  A  nerve  prepara- 
tion from  th«  leg  of  a  frog  E  is  connected  to  the  points  B 
and  D.    A  wire  C  D  places  D  in  connection  with  C  A.    A 


Fi«.54. 

and  B  are  united  by  a  wire  A  B  of  negligable  resistance. 
When  A  B  and  C  D  arc  in  place,  the  whole  current  passes 
through  A  B.  If  A  B  is  cut,  the  whole  current  passes 
through  the  nerve,  and  if  C  D  is  cot,  the  current  througli 
the  ner\'e  is  arrested.  The  current  passes  tlirongli  the  nerve 
only  during  the  interval  between  the  rupture  of  A  B  and  C  D. 
In  iVeiss'  experiments  the  wires  are  ruptured  by  means  of 
8  gun  loaded  with  liquid  carbonic  acid,  having  an  equable 
velocity  of  130  metres  per  second,  so  that  each  cenlinielrc  of 
distance  between  the  wires  A  B  and  C  D  corresponds  to 
.000077  of  a  second. 

The  first  question  was  to  detcnuine  how  long  a  time 
elapsed  after  the  rupture  of  A  B  before  tlic  permanent  state 
was  obtained,  ie.,  what  time  was  necessary  for  the  current 
to  attain  its  maximum  value.  IVeiss  found  that  tliis  was 
quite  ncgligablc.  He  used  a  Thompson  gal\'aitometcr  with 
high  self-induction  and  fofund  that  the  duration  of  the  var)-- 
tng  state  was  imperceptible,  even  when  the  cstablislnncnt  of 
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be  cnrrenl  was  retarded  by  th«  self  induction  of  tlie  instni- 

Sauce  we  may  neglect  tbe  duration  of  the  var)'ing  state,  we 
ire  in  a  position  to  estimate  ilie  inRuence  of  tlie  duration  of 
the  permanent  state  on  Ihc  organism.  This  may  be  done  by 
a  coRipamon  of  the  niii$cular  contractions,  corresponding 
to  dtfTerent  intervals  I>elween  A  B  and  C  D.    Fig.  55. 

A  difficulty  arbes  here  which  was  pointed  out  by  pick. 
The  current  in  its  equable  state  cannot  be  arrested  witiiout 


prodtKing  a  curve  of  "break"  following  tlie  rupture  of  the 
second  wire  C  D.  \\^lat  will  be  the  infltiencc  of  this  varying 
current  on  the  preceding  equable  current  ? 

In  order  to  answer  this  qucstioit.  fVfiss  made  a  series  of 
experiments  to  determine  the  influence  on  muscular  contrac- 
tion of  successive  electrical  waves.  For  this  purpaie  he 
made  an  arrangement  in  which  there  were  four  wires  con- 
necting A  B  and  C  D  of  Fig.  54.  By  the  iniroduction  of 
suitable  resistances  be  obtained  two  undulations, — AEFG 
and  HIKD  of  Fig.  55.  in  the  place  of  the  single  one  .-\BCD. 
in  the  same  lime  AD.  This  experiment  was  of  great  in- 
terest. It  was  foiind  that  any  interval  produced  in  the  un- 
dulation ABCD  diminished  the  excitation  of  tlie  organism, 
i.e.,  a  greater  intensity  of  current  was  required  in  order  to 
attain  tlie  required  degree  of  physiological  excitation.  Thus 
16 
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the  summits,  EF  and  IK,  of  the  shorter  waves  are  higher 
than  the  summit  BC  of  the  longer  undulation. 

It  was  found,  however,  that  the  tolal  quantity  of  electricity 
nceessarj-  to  raise  the  organ  lo  the  verge  of  excitation  was 
exactly  equal  m  both  cases.  The  area  A  BCD  in  the  first 
case  was  equal  to  the  areas  AEFG  and  HIKD  in  the  second 
case. 

Weia  therefore  enunciated  the  following  law:  "With 
the  snme  duration  of  dcctrie  stimulus,  the  same  quantity  of 
electricity  is  required  to  r-iisc  the  organism  lo  the  verge  of 
excitation."  I 

299.     Weiss'   and  Law. — When   the   duration   of   the 
electric  stimulus  varies,  the  quantity  of  electricity  required 
to  bring  the  organism  up  (o  the  verge  of  physiult^cal  excita- 
tion also  varies.     Weiss  has  determined  the  law  of  this  varia- 
tion.   The  observations  were  made  by  changing  the  distance 
between  tlie  wires  in  his  ex]>eriment,  so  as  to  alter  the  total 
duration  of  his  single  and  multiple  undulations.    He  found 
that  the  quantity  of  electricity  necessary  to  bring  the  organ«j 
ism  up  to  the  verge  of  physiological  excitation  may  be  con-j 
sidered  as  composed  of  a  fixed  quantity,  a,  and  a  quantity,] 
bt,  which  varies  with  the  time,    Q  ^  a  +  bt,  where  t  is  th«  j 
duration  of  the  electrical  discharge.    The  value  of  the  co- 
efficients a  and  b  depend  on  the  conditions  of  the  experiment,  I 
the  ratio  a/b  varying  according  to  the  animal  under  ob-| 
servation. 

From  these  observations  IVeiss  deduces  his  second  law.  1 
"In  order  lo  produce  a  niinimai  response  in  an  organism,] 
the  electric  stunulus  of  the  ncr\'e  or  muscle  consists  of  a 
quantity  of  electricity  which  is  constant,  plus  a  quantity 
which  is  proportional  to  the  duration  of  the  discharge. 

"The  result."  he  says,  "is  as  if  a  definite  quantity  of  elec- 
tricJly  were  required  to  excite  the  nerve,  but  that  an  ad- 
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ditional  quantity  of  eledricity  proportional  to  the  duration 
of  the  action  was  required  to  iicutrali»c  the  continual 
tendency  of  the  oi^an  to  return  to  its  original  condition." 

The  coefficients  a  and  b  are  easily  determined  by  making 
two  successive  experiments  in  which  tlie  time  of  excitation 
I  and  f  is  \-aricd.      We  get 

Q  =  a  +  bt 
Q  =  a  +  bt' 
which  enables  us  to  obtain  a  and  b. 

Dubois  of  Bcme  and  Hoortveg  liave  also  investigated  the 
subject  and  their  formula  differs  but  little  from  that  of 
Weiss. 

Since  Q  =  It,  wc  get  It  =:  a  +  bt.  whence  t  =    -^i  ■ 

Hence  for  sliort  undulations,  the  excitation  is  i»o(  sim- 
ply a  function  of  the  rate  of  the  current  variations,  but 
the  duration  of  the  equable  current  must  also  be  taken 

into  account  during  a  time  t  =  f      .     This  is  found  by 

experiment  to  be  nearly  equal  to  the  latent  period  of 
muscular  contraction,  Wtiss  remarks  that  this  fact  seema 
to  indicate  lliat  the  excitation  takes  place  only  during  the 
latent  period,  after  which  the  organ  passes  into  a  sort  of 
refractory  phase. 

We  have  hitherto  studied  the  action  of  successive  wave* 
passing  in  the  same  direction.  Weiss  has  also  determined 
the  reciprocal  effect  of  waves  travelling  in  opposite  direc- 

Ltions.     llie  following  are  his  conclusions. 

Wlien  a  wave,  capable  of  producing  contraction,  is  pre- 
ceded or  followed  by  an  opposite  wave  of  Ics»  amplitude, 

,lhe  second  wave  diminishes  the  effect  of  the  first,  but  this 
effect  is  independent  of  the  amplitude  of  the  second  wave 

hand  cannot  therefore  be  regarded  as  simply  nibtractive  in 
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BiooicBt  of  tbc  cnTCDt-rcTcnu. 

Rtctatiy  if.  aad  J/iim-.  Laficqmt  have  t&^idjr  MOcfificd 
ff'cwi'  formoU,  whicb  bccooiCT 

Q  =  a+u-tV 

where  V  it  the  difference  of  powitlJal  between  the  electrodes. 
A  teoond  variable  ilepending  on  the  poteotial  b  thus  intro- 
duced  into  H'eis^  fomiula, 

30a  Action  of  the  variable  state  oa  striated  muscles. 
— ^Tlie  ftody  of  muicular  coninctioc]  U  cocnplicatcd  bjr  the 
pbenometton  of  pc^amatioo.  which  appears  to  modify  the 
results. 

We  shall  Gntt  study  the  effects  of  the  variable  state  on 
non-potariKcd  muKle  and  iier\-e,  and  shaD  afterwards  dis- 
cuss the  accesMn-  changes  due  to  polarisatioi]. 

The  muscle  may  be  excited  directly.  It  is  not  necessary 
for  the  excitation  to  pass  through  the  motor  nerve.  In  ani- 
mals which  have  been  curariscd,  thus  dcstro>'ing  the  ercciu- 
bility  of  the  nerve,  tbc  muscle  contracts  directly  under  elec- 
trical stimulation.  After  death,  the  muscle  remains  exdt- 
abk,  while  the  ncr\-e  ceases  to  be  so.  SchifFs  phenomenon, 
the  so-called  idiomuscular  contraction,  is  another  pnxif  of 
the  aulo-excitability  of  muscle.  When  a  muscle  is  struck, 
the  shock  causes  a  localised  contraaion,  which  forms  a 
sort  of  persistent  swelling  of  the  mu-scular  substance. 

O[nnionx  are  divided  as  to  the  part  played  by  the  terminal 
nervO!i»  filaments  when  a  muscle  is  made  to  contract  by  a 
stimulus  applied  at  its  point  of  election,  i.e.,  at  the  point 
wliere  the  motor  nerve  enters  the  muscle. 

Doumer  and  others  consider  tliat  when  a  muscle  is  stimu- 
lated at  its  point  of  election,  the  muscular  reaction  is  due 
to  the  excitation  of  the  nervous  filament  which  supplies  it, 
the  various  pathological  anomalies  of  reaction  being  ex- 
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pLuoed  hy  anomalous  reactions  of  tbe  nenre  fllamenti. 
Hutt  is  of  contrary  opinton. 

301.  The  Muscular  Response  to  the  excitation  of  the 
variable  state. — When  a  niasclc-,  or  the  motor  iicrvc  of  a 
muick,  15  stimulated  by  a  rapid  change  in  its  clwtrkal  state, 
such  as  occurs  at  the  "make"  and  "break"  of  a  galvanic 
circuit,  3  nioracntary  contraction  of  ilie  muscle  occurs, 
lilts  "secousse  musciilairc"  is  mticli  sliorler  (Han  any  postible 
^Tjluoiary  contraction. 

Fit;.  5*^  shows  the  classical  diagram  representing  this 
sccoussc 


Fig.  sBl 

On  the  lower  tine  is  seen  the  electrical  signal,  e,  at  the  in- 
stant of  excilaiion.  The  sinuous  line  gives  the  vibrations 
of  a  timing  fork  marking  hundredths  of  a  second.  The  upper 
line  is  the  graphic  representation  of  a  single  muscular 
sccousse. 

It  will  be  seen  that  (he  muscle  docs  not  begin  to  contract 
until  after  ihc  lapse  of  a  certain  time  cc,  after  excitation. 
Tliis  inten'al  of  about  one  liundred(h  of  a  second  between 
the  excitation  and  the  commencement  of  the  secousse,  Is 
called  the  latent  period  of  excitation,  or  the  lost  timt  of 
contraction. 

It  will  be  remembered  lliat  it  is  during  the  latent  period 
of  excitation  that  the  negative  variation  in  the  stimulating 
current  is  produced  (2S.1). 
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The  latent  period  i»  succeeded  by  (he  period  of  increasing 

tntrey  of  contraction,  the  duration  of  which  is  about  — 

too 

of  a  second. 

This  is  followed  >n  (um  by  the  period  of  decreasing 
energy,  which  is  slightly  longer.  Tlicse  figures  are  not  abso- 
lute, the  duration  of  a  sccousse  varying  with  conditions  of 
beat  and  cold  and  muscular  fatigue. 

Figure  57,  borrowed  from  Marey,  shews  the  alteration 


in  the  diagram  of  the  muscular  sccousse  under  the  influence 
of  fatigue.  I  is  the  trace  of  the  muscle  in  its  normal  state, 
2  and  3  representing  the  muscle  as  it  becomes  more  and 
more  fatigued,  the  contraction  becoming  less  in  extent  and 
slower. 

Wc  may  notice  here,  that  the  duration  of  the  latent  period 
varies  with  the  mechanical  resistance  to  contraction.  The 
length  of  the  latent  period  is  in  proportion  to  ihe  inertia  of 
the  mass  moved,  jnst  as  the  delay  in  .starting  a  train  in- 
creases in  proportion  to  the  weight  the  locomotive  has  to 
move. 

302.  Muscular  wave  of  contraction.  When  a  muscle 
is  slimtibtrd  at  a  point  near  its  extremity,  an  elevation  is 
formed  at  the  point  of  stimulation.  This  raised  portion  or 
knot  is  caused  by  a  tone  of  contraction  which  may  be  seen 
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(o  travel  towards  tlie  other  end  of  th«  muscle  as  a  sort  of 
undulation,     {jieby,  1862.) 

Aeby  and  Marey  estimate  the  velocity  of  propagation  of 
this  wave  of  contraction  at  one  to  two  metres  per  second. 
During  the  ordinary  pbystotogical  action  no  such  wave  is 
iuced,  tlic  contraction  taking  place  throuRh  the  whole 
at  the  sanic  instant.  Ph)  siological  musciUar  contract 
tion  is  in  no  way  analogous  to  the  undulatory  contractions 
observed  in  the  muscles  of  insects  at  the  moment  of  death, 
or  after  death.  Laulanii  has  shewn  that  at  the  approach  of 
death,  muscular  wavi-s  fr«iucntiy  coexist  with  physiological 
contraction  en  masse. 

303.  Laws  of  Muscular  Contraction. — The  order  in 
the  appearance  of  the  contraction  folUiwing  opening  and 
closure  of  the  exciting  current  var)*  according  to  the  sign 
of  the  active  electrode  and  according  to  whether  the  muscle 
is  polarised  or  not. 

In  muscle  testing  the  indiflfercnt  electrode  may  be  placed 
on  any  part  of  the  body.  The  small  active  electrode  should 
be  applied  to  the  motor  nerve  or  to  the  point  of  excitation  of 
the  muscle.  The  apparatus  should  be  furnished  with  a  cur- 
rcnt-rcverser  so  as  to  make  the  active  electrode  positive  Or 
negative  at  will. 

The  muscular  contractions  appear  in  the  following  order 
as  the  intensity  of  the  current  is  raised.     {Erb.) 

KCC.  Contraction  on  closure  when  the  active  electrode 
is  a  Catliode. 

ACC.  Contraction  on  closure  when  the  active  electrode 
is  an  Anode. 

AOC.  Contraction  on  opening  wlicn  the  active  dcctrodc 
is  an  Anode. 

KOC.  Contraclion  on  opem'ng  when  the  active  electrode 
is  a  Cathode. 
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Suppose,  for  example,  we  apply  a  current  of  .$  nrilli- 
ampcrcs  to  the  motor  point  of  a  niuKlc.  There  will  be  no 
contraction  cither  at  "make"  or  "break,"  whether  the  active 
electrode  be  positive  or  negative. 

If  the  intensity  of  the  current  be  raised  to  .6  ma,  KCC 
will  be  produced.  On  closure  of  the  circuit  there  will  be 
no  contraction  if  the  active  electrode  be  an  anodes  There 
wit)  be  no  contraction  in  any  case  when  the  circtiit  is  broken. 

If  llic  current  be  raised  to  I  milltampere  there  will  be 
strong  KCC.  a  very  appreciable  ACC.  and  slight  AOC. 

On  increasing  the  intensity  of  the  current  still  furtlier 
KOC  will  appear,  KCC  will  be  very  strong,  whilst  ACC  and 
AOC  will  be  fairly  strong. 

304.  Influence  of  Polarisation  on  the  Law  of  Con- 
traction.— It  may  be  said  in  (■cncral  that  contractions  on 
closure  (CC),  are  diminished  by  polarisation,  whereas  the 
contractions  on  opening  (OC)  arc  increased.  In  other 
words,  the  contraction  on  opening  (OC)  arc  produced 
earlier  and  those  on  closure  (CC)  are  produced  later,  than 
they  would  appear  noniially  when  the  current  is  gradually 
increasing  in  intensity. 

The  observations  of  CkauveauanddeBoudel  shew  that  as  the 
exciting  ctirrent  is  increased  the  tissues  become  more  and 
more  polarised,  tlic  KCC.  which  is  at  first  superior,  becomes 
successively  equal  to,  inferior  and  again  superior  to  ACC. 

305.  EiTect  of  the  variable  state  on  Sensation. — Sen- 
sory effects  follow  the  laws  of  motor  effects.  Bordter,  using 
an  electrode  of  12  $(]uarc  ctiitiinctrcs,  obtained  tlie  follow- 
ing results.  The  sensation  on  closure  when  the  active 
electrode  is  a  cathode  (KCa)  is  the  first  lo  appear. 

KCv 9  milliamperes 

ACff I.I 

AOr 1.2 

KOcr 2 
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These  results  are  not  in  complete  acoordaace  with  those 
of  Erb,  wlw  places  AOw  before  ACa. 

306.  Motor  effects  produced  b^  geveral  successive 
periods  of  the  variable  state. — Let  us  examine  first  the 
result  of  two  Miacssive  ntuscutar  coutractions.  If  the 
second  sccottsse  arrives  during  the  phase  of  increasing 
muscular  energ>',  the  curve  of  contraction  is  not  reduplicated, 
but  it«  amplitude  is  increased.  There  is  but  a  single  con- 
traction of  increased  strength. 

If  the  second  sccoussc  arrives  in  tlie  period  of  decreasing 
muscular  encrg}'.  the  descending  cur\'e  ascends  again  to 
a  greater  ticight  than  before.  Two  distinct  but  barely  sep- 
arated curves  of  contraction  apixrar.  the  second  beings 
stronger  than  the  first. 

If  the  second  sccousse  takes  place  after  the  termination 
of  the  first,  the  two  contractions  arc  independent,  but  the 
second  is  stronger  than  the  first,  although  the  excitation  waa 
the  same. 

This  phenomenon,  "tlie  summation  of  stimuli,"  is  of  great 
importance.  If  we  subject  a  muscle  to  a  series  of  successive 
excitations,  the  contractions  become  gradually  stronger  until 
we  reach  a  maximum.  The  effects  are  superimposed,  so 
that  a  current  which  at  the  first  "make"  is  incapable  of 
causing  a  secoussc,  is  at  last  able  to  produce  contraction  after 
a  succession  of  attempts  which  appear  to  Iiavc  been  made 
In  vain. 

When  the  series  of  excitations  is  so  rapid  that  one  secousse 
follows  the  other  during  the  phase  of  increasing  enei^,  a 
permanent  contraction  of  the  muscle  follows.  This  con- 
traction, although  permaiKUt,  i*  made  up  of  a  series  of  suc- 
cessive contractions.  We  may  recognise  this  by  ausculta- 
|tion,  the  ordinary  muscular  bruit  being  continuous.  The 
'more  frequent  the  secousses.  the  more  permanent  is  tlie 
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muscular  contraction.  The  number  of  exciutions  cannot, 
however,  be  raised  above  a  ccitain  limit,  iioo  to  1200  per 
second.  The  muscle  no  longer  responds  to  the  excitation, 
when  the  tntcrniplionG  or  inversioos  exceed  lo/xx}  per 
second,  as  is  the  case  in  high  frequency  currents. 

When  the  muscular  contraction  is  in  tliis  apparently  per- 
manent condition,  the  muscle  is  said  to  be  tetanised.  The 
number  of  excitations  necessarj-  to  produce  tetanus,  is  lOO 
per  second  in  birds,  60  per  second  in  the  guinea-pig.  and  40 
per  second  in  man,  15  to  30  per  second  in  the  (rog,  and  3 
per  second  in  the  tortoise.     (RUhet.) 

During  voluntary  contraction  the  mti»cle  is  in  a  state  of 
physiological  tetanus,  with  successive  secousses.  The  pitch 
of  the  muscular  bruit  heard  on  auscultation  indicates  a  fre- 
quency of  36  to  40  vibrations  per  second.     {Hclmhotls.) 

307.  Action  of  the  variable  state  on  smooth  muscle.— 
Smooth  muscle  has  certain  i)ccularitte.i  in  its  relation  to  the 
variable  electrical  state.  To  pro<luce  tetanus  in  unstriped 
muscular  tissue,  the  shocks  of  the  variable  state  must  be 
separated  by  longer  intervals.  This  is  due  to  the  slower 
rate  of  contraction  of  unstriped  fibres.  Another  peculiarity 
is.  that  .'VCC  is  more  efficacious  than  the  KCC. 

With  rh)thinic  galvanic  currents,  it  is  easy  to  obtain 
peristaltic  contrattions  of  the  digestive  tract,  or  other  organs 
sucli  as  the  bladder  or  gall  bladder,  actuated  by  unstriped 
muscular  fibres. 

Unstriped  muscle  has  another  peculiarity,  vis.,  that  it  will 
contract  under  the  iiiflucncc  of  the  steady,  continuous  cur- 
rcnf,  quite  independently  of  the  period  of  variable  state. 

Tlic  vaso-motor  phenomena  produced  in  the  vicinity  of 
the  electrodes  are  a  manifestation  of  the  excitability  of  the 
smooth  fibres  in  the  walls  of  the  smaller  blood  vessels. 
These  vaso-motor  phenomena  occur  with  the  continuous 
current  as  well  as  with  variations  of  the  electrical  state. 
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III.    PhTtiolotical  action  of  the  FanuUc  Ciurent. 

308.    General  considerations. — The  laws  of  die  mus- 
tcular  sccousse  caused  by  the  variable  state  give  us  a  due 
to  the  action  of  alternating  currents. 

Let  us  consider  first  the  faradic  current.  The  fonn  o( 
the  two  induced  undulations  is  given  graphically  in  F^g. 
58,  in  which  the  abscisse  represent  intervals  of  time.  The 
var>'ing  intensity  of  llie  secondary  current  is  represented 
by  ordinatcs.  positive  when  the  secondary  current  is  in  ttic 
same  direction,  and  negative  when  it  is  in  an  opposite 
.direction  to  tlie  primar)-  current. 


rig.  58. 

The  wave  a  a'  is  the  wave  of  "make,"  induced  at  the 
moment  of  closure  of  the  primary  circuit.  The  stronger 
wave  a,  a',  is  the  wave  of  "break,"  produced  at  the  mo- 
ment of  rupture  of  l))c  primary  circuit. 

The  duration  of  each  of  these  induced  waves  is  c^ual  to 
Jie  duration  of  the  variable  state  of  closure  and  of  opening 
in  the  primary  circuit.  The  induced  wave  at  "make"  is  of 
longer  duration  and  more  spread  out  than  the  wave  at 
"break."  The  duration  of  the  variable  state  at  "make"  is 
^increased  by  increasing  the  self-induction  in  the  primary. 

309.    Analysis  of  the  effects  of  the  induced  current  of 
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"break."— Tlic  induced  wave  a,  a',  at  "break"  is  the  one 
that  lias  the  greatest  physiolo^cal  effect. 

The  total  quantity  of  electricity  passing  in  each  of  these 
waves  is  the  same,  as  may  be  proved  b>'  using  a  ballistic 
galvanometer.  The  wave  of  "break,"  however,  gatn«  in 
potential  what  it  loses  in  duration.     Whether  we  use  rfu 

Bois'Rcymoitd's  formula  Q—i  (  i~  )  or  W<is^  formula 

dt 

Q=a  -f-b  t,  it  is  evident  that  in  order  to  produce  the  same 
physiological  effect,  the  quantity  Q  would  have  to  be  greater 
in  the  wave  of  longer  duration.  This  is  contrary  to  the 
conditions  since,  as  we  have  seen,  the  quantity  of  electricity 
in  tlie  two  waves  is  the  same. 

Tlie  induced  wave  at  "make"  includes  a  period  of  ascen- 
sion, during  which  the  potential  rapidly  rises,  then  a  short 
period  during  which  the  potential  remains  stationary,  and 
finally  a  third  period  during  which  it  rapidly  diminishes. 

Tlic  period  of  ascent  in  the  curve  of  potential,  correspond- 
ing to  the  variable  state  of  closure,  produces  muscular  con- 
traction, KCC  or  ACC,  according  to  the  pole  employed. 
The  deKcnt,  corresponding  to  the  variable  state  of  opening 
the  circuit,  would  also  produce  contraction  AOC  and  KOC, 
if  its  action  on  the  muscle  were  isolated. 

310.  Analysis  of  the  induced  waves  of  "make." — The 
height  of  this  wave  is  less,  and  its  length  is  greater,  two  rea- 
sons why  its  effects  arc  neutralised  and  overborne  by  the 
"break"  wave,  which  with  the  same  quantity  of  electricity 
has  a  greater  maximum  intensity  and  a  shorter  duration. 

I1ie  "make"  wave  has  a  similar  but  less  marked  effect  on 
the  muscle  than  the  "break."  There  is  a  fusion  of  tlie  two 
secousses,  due  to  the  varying  state  of  ascent  and  descent 
in  the  potential  curve  of  intensity. 

In  the  faradic  coil  the  wave  of  "make"  is  effaced  by  the 
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'mvc  of  "break,"  so  that  wc  may  say  that  we  ar«  using 
positive  faradisation  when  wc  use  the  positive  pole  of  the 

ireak"  current  as  active  electrode,  whereas  when  the  ne^- 
'tive  pole  of  the  "break"  current  is  used  wc  are  applying 
^tgatiix  faradisation.    These  are  coinnionly  referred  to  as 

ic  positive  and  negative  pole  of  the  coil, 

311.  Physiological  effects  of  faradisation.  We  have 
DOW  to  in(|uirc  into  the  effects  of  a  succession  of  iiiducetl 
shocks  on  the  organism.  »nce  faradisation  consists  in  the 
application  of  a  series  of  such  shocks. 

EWe  may  recall  what  was  said  in  par.  306  on  the  effects 
of  the  successive  applica^ons  of  the  variable  state. 
1.  Tetanus  is  produced  if  the  sccoussc  reaches  the  mus- 
cle during  a  period  of  increasing  energy,  or  at  the  com- 
mcncement  of  the  period  of  decreasing  energy  of  the  pre- 
ceding secoussc. 

2,  By  virtue  of  the  principle  of  the  summation  of  elec- 
trical stimuli,  when  the  fir-st  excitation  does  not  produce 
a  contraction,  each  following  excitation  will  act  more  and 
more  efficiently. 

3.  When  a  muscle  has  been  tetaiiised  for  a  long  period, 
it  finally  relaxes  in  consequence  of  muscular  fatigue. 

The  physiological  results  of  faradisation  have  been  stud- 

and  formulated  by  Debedat. ' 

The  results  are  due  to  (ocal  gymnastic  action  on  the  mus- 

cte,  which  increases  the  normal  development  of  its  elements. 

In  order  to  avoid  the  fatigue  due  to  tentanisation,  Debidai 

used  the  rhythmic  faradic  current.     He  experimented  on 

t*. 

er  30  applications  of  4  minutes  each,  he  found  a 
marked  increase  in  weight  of  the  femoral  muscle  on  the 
ride  which  had  been  faradised.    This  increase  was  as  much 
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M  50%  of  th«  original  weight  of  the  muscles.  Histologi* 
examination  shewed  that  the  increase  was  due  to  develop* 
ment  of  the  active  muscular  elements,  not  of  the  intersti- 
tial tissues. 

On  the  other  hand,  he  found  that  prolonged  tetanisation 
produced  an  opposite  effect,  and  led  to  a  diminution  of  the 
muscle  weight.    Physiological  fatigue  had  a  similar  action. 

After  excessive  fatigue,  microscopical  examination  ilicws 
sn  atrophy  of  the  muscular  fibre  itself,  which  may  even 
undergo  degeneration. 

This  cxpbins  tlic  importance  of  applying  the  faradic  cur- 
rent in  a  proper  manner.  While  excellent  results  may  fol- 
low careful  electric  treatment,  an  opposite  effect  may  be 
produced  if  the  muscle  is  tclaniscd  so  as  to  produce  fatigue. 
Hence  the  value  of  instruments  such  as  Bergonic's  rhythmic 
intcrruptor.     (113.) 

312.  Effect  of  the  Paradic  Current  on  Sensation. — 
A  variety  of  sensations  are  produced  by  the  applicition  o( 
the  faradic  active  electrode.  Special  sensations  of  pricking 
and  tickling  are  felt,  together  with  a  .«ns.ition  of  warmth 
due  to  vaso-dilatation,  and  a  sensation  of  muscular  contrac- 
tion. 

The  painful  sensations  are  the  more  intense,  the  finer 
the  wire  of  the  secondary  coil.  In  order  to  produce  strong 
muscular  contractions  without  pain,  a  large  wire  should 
be  used  for  the  induced  currents. 

IV.    Gal vano- faradic  currents. 

313.  Physiological  scti<;n  of  the  galvano-faradic  cur> 
rent — Characteristic  mode  of  excitation. — The  galvano- 
faradic  or  WalieviUc  current  is  obtained  by  combining  the 
galvanic  current  with  a  succession  of  shocks  from  the  in- 
duction coil.  The  apparatus  consists  in  an  induction  coil 
placed  in  scries  with  a  galvanic  battery.     (114.)     The 
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pcwitive  pole  ol  the  battery  is  connected  to  the  negative  pole 
of  the  coil,  and  the  positive  pde  of  the  coil  with  the  negative 
pole  of  tlie  battery.  The  patient  may  be  placed  in  any  part 
of  the  circuit  thus  formed. 

The  apparatus  is  sometimes  connected  up  in  a  different 
manner,  the  positive  pole  of  the  battery  being  joined  to 
the  positive  pole  of  tite  coil,  so  tlial  the  two  currents  pass 
In  oppo^te  directions. 

Ltwandottfski  places  the  batterj-  and  the  coil  in  parallel. 
One  electrode  is  connected  to  the  positive  pole  of  the  battery 
and  to  the  positive  pole  of  the  coil,  while  ibe  otlter  electrode 
is  connected  to  both  negative  poles.  The  galvanic  circuit 
will  act  as  a  sliunt  for  the  faradic  circuit,  and  in  the  same 
way  the  faradic  circuit  will  act  as  a  shunt  for  tlie  galvanic 
drcutt,  so  that  it  is  difficult  to  say  what  would  be  the  curve 
of  excitation  under  these  circumstances. 

The  phy8iol<^caI  action  of  these  currents  is  difBcuIt  to 
analyse,  and  this  for  several  rcaj>ons.  The  amplitude  of  the 
faradic  waves  is  altered,  those  in  the  same  phase  as  the  gal- 
vanic current  being  increased,  and  those  in  the  opposite  phase 
being  decreased.  Moreover,  the  excitability  of  the  muscle  is 
modified  by  clcctrotonus ;  an  clectrotonus  diminishing  and 
cathelectrotonus  increasing  the  excitability.  Finally  the 
ionising  effect  of  the  continuous  current  is  added  to  the 
action  of  the  induced  current. 

The  labours  of  Ledue,  Borditr  and  Cluzel  have  thrown 
new  light  on  tliis  subject.  We  shall  proceed  to  study  the 
physiological  action  of  llie  Walteville  current. 

314.  Action  of  the  WatteviUe  current  on  ttrUted 
Muscle. — When  the  galvanic  and  induced  currents  are 
in  series  two  cases  may  be  distinguished. 

a.  The  active  electrode  U  the  anode  both  of  tfie  gal- 
vanic and  induced  currents.     In  this  case  the  secoussc 
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produced  at  each  shock  will  be  strongier  than  with  the 
farsdic  current  alone. 

b.  The  active  electrode  is  the  cathode  both  o(  the  gal- 
vanic and  induced  currents.  In  this  case  also  the  secoussc 
is  stronger  tlian  when  the  faradic  current  is  used  alone. 

In  the  latter  case,  the  augmentation  of  the  secoussc  is 
due  to  the  increased  excitability  of  the  nerve  due  to  cath- 
elcctrotonus.  In  the  former  case  a  virtual  cathode  is  pro- 
duced  in  tlie  peripolar  region  around  the  anode,  and  this 
virtual  cathode  sets  up  cathelectrotonus.     (Le<fuc.) 

The  increase  of  intensity  may  also  in  part  account  for  the 
increase  in  the  strength  of  excitation  when  the  two  currents 
are  in  the  same  direction,  Wlwn  tlie  currents  are  in  o^^o- 
sile  directions  the  secousses  are  greatly  decreased,  whidi 
may  be  accounted  for  by  the  change  in  the  intensity  of  ex- 
citation, the  continuous  current  reducing  the  effect  of  the 
faradic  current. 

Whichever  pole  is  employed,  when  the  two  circuits  arc 
connected  in  series,  the  secoussc  is  stronger  than  when 
the  faradic  current  alone  is  used.  On  the  other  hand,  when 
the  circuits  are  joined  up  in  opposition,  the  strength  of  the 
secoussc  is  diminislied. 

315.  Action  of  the  Watteville  current  on  unstriated 
muscle. — What  lias  been  said  of  striated  muscle  applies 
equally  to  smooth  muscle,  with  the  exception  that  unstriated 
muscular  fibre  is  more  sensitive  to  ACC  than  to  KCC  (La- 
querriHe  and  Ddhfrm,  Bordicr  and  Clu:el.) 

The  faradic  current  from  a  thick  wire  coil  has  but  little 
action  on  unstripcd  muscular  fibre.  To  stimulate  it  effect- 
ually a  fine  wire  coil  must  be  used.  This  is,  however,  a 
very  painful  procedure.  The  great  advantage  of  the  Watte- 
ville current  is  that  it  produces  contractions  as  well  with 
a  thick  wire  coil  as  with  a  thin  wire  coil. 
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316.  Action  of  the  Watteville  Current  on  Sensation. — 
The  addition  of  a  galvanic  to  the  faradic  current  has  the 
tame  effect  on  sensation  as  it  has  on  muscular  contraction. 
\Vben  the  two  currents  are  in  opposition,  the  painful  sen- 
tatioD  is  diminislied  as  the  galvanic  current  is  increased. 

317.  Physiological  Effects  of  the  Watteville  Currents. 
l — ^Tbc  most  marked  effect  of  Ihc  combined  current  ts  a 
[rapid  increase  of  musaibr  growth.  With  rhythmic  galvano- 

faradisation,  Bordier  obtained  an  enormous  increase  in 
the  muscles  of  the  arm  and  forearm,  giving  seances  of  to 
minutes  every  other  day  for  two  niontlis.  This  explains 
its  beneficial  action  in  the  treatment  of  paralysis,  myopathy 
and  atony  of  internal  organs  actuated  by  unstriped  muscular 
fibres. 
I  V.    PhT^ological  Action  of  the  Sinusoidal  Current. 

318.  The  distinctive  physiological  action  of  sinusoidal 
currents. — ^With  a  sinusoidal  current,  the  increase  and  de- 
crease of  intensity  occurs  gradually,  and  not  in  the  sudden 
manner  which  characterises  the  other  forms  of  the  variable 
state. 


StDusoido]  Current. 


FiK.6o. 
Undnbtory  Current. 


With  low  frequency,  when  each  wave  is  broadened  out, 
sinusoidal  currents  have  but  little  action  on  volunatry  mus- 
Tlie  effect  is  augmented  as  the  frequency  is  increased. 
In  addition  to  their  action  as  currents  of  the  variable 
»7 
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state.  «na»oidal  currenti  have  an  el«:trol)-tic  action,  whie 
brings  tbeni  into  relation  with  the  continuous  current. 

In  studying  the  physioloKical  action  of  sinusoidal  cur< 
rents  we  have  to  consider  three  points. 

1.  Their  action  on  voluntary  and  on  involuntary  muscle. 

2.  Their  clcctroI>lic  action. 

3.  The  physiological  results  of  their  prolonged  appli- 
cation. 

319.  Action  of  Sinusoidal  Currents  on  Striated  and  on 
Unstristed  Muscle. — Tlie  excitation  due  to  sinusoidal 
currents  varies  according  to  two  principal  factors,  the  fre* 
quency  and  the  amptitudc  of  the  undulations.    (itS.) 

In  order  to  atuin  the  verge  of  excitation  with  a  sinusCMdal 
current  of  given  intensity,  a  certain  frequency  is  required, 
below  which  no  contraction  results.  Up  to  a  certain  point 
the  degree  of  muscular  response  increa&es  with  the  fre- 
quency. 

Be}'ond  this  point,  t>.,  above  1000  to  3000  alternations 
per  second,  the  increase  of  muscular  response  with  added 
frequency  ceases ;  and  beyond  10,000  alternations  per  sec- 
ond mufcutar  contraction  ceases  altogether.  It  is  at  this 
point  that  the  phenomena  of  high  frequency  currents  are 
first  met  with.  With  low  frequency  we  may  say  that  the 
best  motor  results  are  obtained  with  frequencies  of  20  to  ijo 
per  second.  A  wave  frequency  of  20  per  second  is  sufficient 
to  put  the  muscle  in  a  stale  of  tetanus,  in  consequence  of 
the  fusion  of  the  individual  contractions.  With  weak  cur- 
rents a  somewhat  higher  frequency  is  required  to  produce 
tetanus. 

Non-striated  muscle  responds  in  a  most  matlced  manner  to 
the  excitation  of  the  sinusoidal  current,  which  leads  to  its 
therapeutic  application  in  various  directions.  Sinusoidal 
currents  also  appear  to  have  a  special  action  on  the  sensory 
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'nerves,  and  are  particularly  useful  in  the  treatment  of  cer^ 
tain  fonns  of  neuralgia. 

320.  Transport  of  Ions  by  the  sinusoidal  current^ 
'A  priori  wc  would  imagine  thai  there  could  be  but  little 

ionic  transportation,  when  we  lake  into  consideration  the 
slowness  of  ionic  motiofi  and  the  rapid  alternation  of  the 
current.  Experiments,  both  physical  and  physiological,  have, 
however,  demonstrated  the  electrolytic  action  of  tlie  sinu- 
l-soidal  current. 

The  experiments  of  Ayrlon,  Perry,  Hanettvrier,  Chapuxs, 
Labatttt  shew  that  for  a  given  current  the  ionic  action  is 
[greater  when  the  allcrnations  are  slow.  Labatvt  dcmon- 
'ttrated  the  penetration  of  the  pilocarpine  ion  at  both  elec 
Ltrodes,  which  leads  us  to  suppose  that  the  sinusoidal  cur- 
[rent  sets  up  ionic  exchanges  in  the  substance  of  the  tissues, 
[comparable  with  those  produced  by  the  continuous  current. 
[This  explains  the  physiological  action  of  the  sinusoidal  cur- 
Irest,  which  had  been  already  established  clinically  by 
d'ArsoHvat. 

321.  Physiological  action  of  the  sinusoidal  currents  on 
the  general  system. — When  the  entire  body  is  submitted 

|to  the  action  of  these  currents,  there  is  a  general  acceleration 
>f  the  nutritive  exchange*.  As  d'Arsom-ytl  has  shewn, 
le  resfMratory  capacity  of  the  blood  is  increased,  the  blood 
[cells  absorbing  20%  more  oxygen  than  usual.  The  urine 
ralso  indicates  an  increase  in  the  organic  exchanges  of  the 
^body.  The  circulation  is  accelerated,  an  effect  which  may 
perhaps  be  due  to  the  special  action  of  the  sinusoidal  current 
on  UBstripcd  muscular  fibre. 

322.  The  Undulating  Sinusoidal  Current. — From  the 
Iphysiological  point  of  view,  the  undulatory  current  may 
^t>e  considered  as  a  combination  of  the  sinusoidal  with  the 

nttous  current,  analogous  to  tlie  combination  of  gal- 


.^6'-—  t~"'i  "1  View  IS  tne  electrolytic  ac 
imposed  continuous  current,  which  is  adde 
due  to  the  variable  state. 


CHAPTER    IIL 
mOH    FREQUENCY  CURRENTS. 

333.  Physiological  action  of  High  Frequency  Cur- 
rent*.— The  currents  of  high  frequoncy  consist  of  iso- 
chronous  oscillations  which  rapidly  die  down,  as  shewn  in 
Fig.  61. 


Fif .  61. 

There  arc  various  modes  of  carrying  out  high  frequency 
treatment. 

t.  The  currents  may  be  applied  directly  by  means  of 
two  electrodes  in  series  with  the  d'Arsonvat  helix  or  other 
high  frequency  circuit,  A  high  frequency  circuit  may  be 
defined  in  general  tcnns  as  any  circuit  of  considerable  self- 
ioduction  coiinecling  the  external  armatures  of  two  con- 
densors. 

2.  The  patient  may  be  treated  by  auto-eonduction  or  by 
means  of  the  condensing  couch. 

3.  In  order  to  produce  local  effecU,  the  patient  may  be 
exposed  to  electric  radiations,  consisting  of  eiRtm/ts,  or  spark 
discharges  in  their  different  forms. 

In  whatever  way  the  high  frequency  treatment  is  applied. 


whetlier  by  auto-conduction  or  by  radiation,  the  patient  is 
exposed  either  directly  or  by  induction  to  enormous  difTer- 
ences  of  potential  of  an  oscillatory  character.  What  im- 
presses the  physiologist  most  strongly  is  the  fact  that  the 
neuro-muscular  system  does  not  in  any  way  respond  to  the 
currents  of  high  intensity  and  tension  which  traverse  the 
patient's  body.  His  muscles  do  not  contract  and  his  ner- 
vous system  does  not  register  any  impression.  The  first 
point  then  is  the  complele  absence  of  excitability.  The 
second  point  is  the  production  of  anxsthesia,  due  to  a  special 
inhibitory  action  of  the  high  frequency  currents  on  the 
sensory  nerves.  Tlie  third  point  to  be  noted  is  a  general 
physiological  effect  resulting  from  the  continual  use  of  the 
currents.  This  includes  their  action  on  the  genera!  nutri- 
tion and  on  all  cell-life  and  function.  To  this  may  be  added 
their  action  on  microbes  and  toxins. 

324.  Lack  of  Response  of  the  netiro-musctilar,  and  tha 
neuro-sensitivc  system  to  high  frequency  currents. — 
When  a  body  is  submitted  to  tlie  direct  action  of  high  fre- 
quency currents,  or  exposed  to  auto-conduction,  or  to  radia> 
don  by  means  of  the  effleuve,  it  is  traversed  by  direct  or  in- 
duced currents  of  considerable  intcnsit>-.  These  currents 
may  be  demonstrated  by  the  classical  experiments  of 
d'Arsoitvai.  When  one  or  more  persons  arc  placed  in  a 
circuit  in  series  with  a  high  frcquenc>'  liclix,  they  arc  trav- 
ersed by  a  airrcnt  capable  of  illuminating  a  100  candle 
power  lamp,  introduced  into  tlie  circuit  by  being  held  be- 
tween the  hands  of  two  persons.  In  the  same  way  when 
(he  subject  is  placed  in  a  field  of  auto-conduction,  he  may 
light  up  an  incandescent  lamp  by  means  of  the  currents  of 
autonronduction  which  pass  between  his  Iiands. 

^^o^cove^,  when  a  part  of  the  body  is  exposed  to  high 
frequency  cffieuves,  sparics  may  be  drawn  from  any  por- 
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lion  of  tfae  integument,  proving  (hat  the  whole  body  is  sub- 
jected to  oscillatory  variations  of  potential.  In  all  these 
cases,  notwithstanding  the  strenglli  of  the  currents  which 
traverse  the  body,  there  is  neither  muscular  contraction 
DOT  semation  of  shock.  If  any  sensation  is  felt,  it  is  due 
to  shocks  of  low  frequency  caused  by  fauli>'  conditions 
of  experiment.  The  spatlc-gap  may  be  imperfectly  regu- 
lated, or  the  balls  roc^  and  unpolished,  tlie  spark  may  be 
in  fault,  or  there  may  be  bad  contact  in  the  circuit,  or  be- 
tween the  armature  and  the  dielectric,  or  the  capacity  or  self- 
induction  nrtty  be  too  great    (D'Arstntr'ol.) 

325.  Cause  of  the  lack  of  response  of  the  muscles  and 
nerves  to  high  frequency  currents. — The  old  idea  was 
that  the  currents  affected  only  tlie  surface  of  tlic  body  with- 
out penetrating  it.  D'ArsonvaJ  exposed  this  fallacy.  It  is 
true  that  with  metallic  conductors,  the  current  has  a  ten- 
dency to  become  localised  near  the  surface  as  the  frequency 
increases.  This  is  only  true,  however,  of  metallic  conduction. 
With  electrolytic  conduction,  on  the  ottier  hand,  the  current 
penetrates  the  mass  of  the  body  more  and  more  as  its  re- 
sistivity increases. 

D'ArsoHval  established  the  fact  of  this  penetration  by 
passing  a  high  frequency  current  through  a  cylinder  contain- 
ing .?%  saline  solution.  The  current  in  the  centre  and  at 
the  periphery  did  not  sensibly  differ  in  intensity.  An  ex- 
periment due  to  Maragliano  confirms  this.  A  small  elec- 
tric lamp  was  placed  in  the  thoracic  cavity  of  a  dog,  and  titc 
poles  were  joined  to  two  metaHic  plates,  placed  one  on 
either  side  inside  the  pleural  cavity.  When  the  animal  was 
exposed  to  high  frequency  currents  the  lamp  became  in- 
candescent   (Arch,  d'clcctricitc,  Medicalc,  igoi.) 

If  it  were  true  that  the  currents  did  not  penetrate  the 
body,  it  would  be  impossible  to  explain  the  profound  action 
of  high  frequency  currents  on  nutrition. 
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At  the  present  day  the  explanation  generally  accepted  is 
the  following:  Motor  aud  sensory  ner\'es  respond  only  to 
stimuli,  who5«  period  is  less  than  10,000  per  second,  just  as 
the  acoustic  nerve  responds  only  to  stimuli  between  32  and 
60000  per  second  and  the  optic  nerve  to  stimuli  whose  period 
is  between  728  and  497  billions  per  second. 

Weisif  investigation  on  the  physiolc^cal  action  of  waves 
of  short  duration  throws  great  light  on  this  point,  which  at 
first  sight  appears  paradoxical  if  we  admit  the  accuracy  of 
du  Bois-Reymond's  formula. 

336.  Explanation  of  the  phenomenon  of  non-excita- 
bUit3r. — IVciss"  experiments  shew  that  an  undulation  of 
a  given  amplitude  can  only  provoke  contraction  when  it  ts 
of  a  certain  duration.  Consider  the  curve  of  excitation  of  a 
muscular  secousse  produced  by  the  closure  of  a  continuous 
current  The  ascending  curve  due  (o  closure  is  followed  by 
a  flat  portion  of  a  duration  sufficient  for  the  muscle  to  reach  ■ 
the  level  of  excitation.  If  now  this  flat  portion  is  diminished 
in  length  or  interrupted,  the  stimulus  immediately  falls 
below  the  level  of  excitation.  In  order  to  gain  the  level  of  ■ 
excitation  with  a  short  or  interrupted  wave,  the  intensity  of 
the  current  must  be  augmented.  Suppose  now  that  the  in- 
terruption of  the  flat  portion  consists  of  a  fall  to  zero  and 
an  inverse  wave.  The  perturbation  caused  at  the  moment 
of  inversion  will  add  to  the  difliculty  of  regaining  the  level 
of  stimulation  and  the  intensity  must  be  again  increased.  By 
multiplying  these  inversions  a  time  comes  when  the  first 
wave,  howc^'cr  strong,  is  powerless  to  reach  tlw  required 
degree  of  exdtation,  and  each  subsequent  wave  will  be 
equally  powerless. 

In  Fig.  62,  let  A  B  C  be  a  wave  of  electrical  stimulation. 

If  Q  be  the  quantity  of  electricity  necessary  to  reach  the 
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verge  of  excitation,  and  a  and  b  the  coefficients  of  the  nerve, 
(299)  then  Q  =  area  of  A  B  C  (Fig.  62)  =  a_+.bt. 


If  we  now  diminish  t  indefinitely,  using  waves  of  short 
duration  -~^  o  ^^  of  3  second,  the  quantity  Q  required 
to  cause  excitation  will  decrease  also,  since  bt  will  approxi- 
mate to  icro.  The  quantity  of  electricity,  a,  however, 
remains  unaltered,  and  to  obtain  this  necessitates  an  ever  in< 
creasing  height  of  the  wave  as  the  time  diminishes.  As  the 
sides  of  the  curve  AB'  and  B'C  arc  brought  together,  the 
height  Bli  must  increase  in  order  that  the  area  AB'  C  may 
remain  cquaj  to  a.  Hence  there  must  come  a  time  when  we 
can  no  longer  increase  the  amplitude  B'  sufficiently  to  obtain 
the  quantity  Q  necessary  to  produce  contraction.  Tlie  same 
argument  applies  when  we  use  the  modified  formula  of 
Laficque. 

Hence  from  a  consideration  of  Weis/  formula  it  is  evident 
tliat  with  high  frequencj-  currents  we  cannot  reach  the  ro- 
quircd  degree  of  excitation  with  an  isolated  wave,  or  with  a 
succession  of  waves,  since  when  the  time  is  excessively  short 
each  wave  weakens  the  eiTect  of  its  successor. 

,^27.  Anaesthetic  effects  of  high  frequency  currents — In- 
hibitory action — Action  on  the  unstriped  mu&cular  fibres 


of  the  vucutar  ssrstem. — From  the  very  conimencement 
of  his  work  on  high  frwiucncy  currents.  d'Arsornxd  noticed 
thdr  effect  on  the  ncuro-tnuscular  system,  an  effect  to  which 
BronmSequard  gave  the  name  of  inhibition.  The  tissues 
in  contact  with  the  electrodes  become  less  excitable.  Thus 
after  the  application  of  high  frequency'  currents  to  any 
region  of  the  body,  the  intensity  of  ttie  galvanic  or  faradic 
stimulus  must  be  increased  in  order  to  produce  contraction. 
This  diminution  of  excitability  may  go  on  to  analgesia. 

The  inhibition  of  the  vaso-motor  system  explains  th«  (all 
of  arterial  tension  observed  in  animals  submitted  to  high 
frequency  currents.  If  a  mercurial  manontctcr  is  introduced 
into  the  carotid  artery  of  a  dog,  a  fall  of  several  centimetres 
of  mercury  is  obsen-ed  on  exposing  the  animal  to  high  fre- 
quency curreiiLi.  The  same  pheiwmenon  accoimts  for  the 
dilatation  in  the  vessels  of  the  ear  of  a  rabbit,  and  the  gen- 
eral sweating  observed  tn  patients  treated  with  auto-con- 
duclion. 

High  frequency  sparking,  on  the  contrary,  produces  a 
spasmodic  contraction  of  the  involuntary  muscular  ."(ystfm, 
aceomp&nied  by  anaemia  of  the  tissues  and  Uie  phenomenon 
of  goose  skin.  The  rise  of  blood  pressure  which  eor- 
responds  to  this  spasmodic  an-^mia  is  specially  noticeable 
when  the  spine  is  treated  with  a  shower  of  sparks.  Afontier 
has  recorded  a  rise  of  4  to  8  centimetres  of  mercury  tn  the 
manometer  during  the  exposure  of  the  ^ine  to  a  shower  of 
sparks  passed  from  above  downwards. 

The  primary  vasoMlilatation  duf  to  auto-conducttOR  is 
not  persistent,  but  is  followed  by  vaso^constriction  with  in- 
creased arterial  tension  whidi  continues  for  some  time  after 
the  exposure.  When  a  portion  of  the  body  is  submitted 
to  efflcuvation,  the  primary  congestion  is  followed 
exposure,  by  a  reaction  in  the  opposite  direction  with 
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tions  above  and  below  the  normal  arterial  pressure.  This 
was  shewn  by  Oudin  in  some  experiments  matlc  with  ihe 
sphygmo-manomcier  devised  by  Lauianu: 

32S.  Pfaysiological  efFeets  of  the  prolonged  applica- 
tion of  high  fre<iuency  currents. — These  may  be  grouped 
under  four  headings.  We  will  proceed  to  study  each  of 
these  in  turn. 

a.  Effect  on  the  respiratory  exchanges. 

b.  Effect  on  thermo-genesis. 

c.  Action  on  the  urinary  secretions. 

d.  Action  on  ceJI  life,  on  microbes  and  on  toxins. 

329.  Effect  on  the  respiratory  exchanges. — As  shewn 
by  d'Arsonval,  high  frequency  treatment  increases  tlie  num- 
ber and  the  amplitude  of  the  respiratory  movements. 

The  expired  air  shews  an  increase  of  CO,.  In  d'Amn- 
voTs  experiments  on  himself  under  the  influence  of  auto- 
conduction,  the  quantity  of  CO,  eliminated  increased  from 
17  to  37  litres  per  hour. 

Under  the  influence  of  auto^onduclion  the  loss  of  weight 
in  animals  was  greater  tlian  normal.  During  an  experiment 
which  lasted  16  hours,  a  guinea-pig  lost  30  grammes  in- 
stead of  6  grammes,  and  a  rabbit  lost  48  grammes  instead 
of  23  grammes.  After  the  exposure  the  animals  gained 
weight,  proving  that  the  weight  of  oxygen  absorbed  was 
then  in  excess  of  the  carbonic  acid  eliminated.  This  experi- 
ment is  in  accordance  with  Bosichard's  observation,  that 
under  the  action  of  high  frequency  currents,  there  is  an  in- 
crease of  weight  although  no  food  or  drink  has  been  taken. 
Regnauld  and  Reisel  have  made  similar  observations  on 
animals  during  sleep. 

Querton  disputes  these  results.  This  is  probably  due  to 
the  fact  that  in  his  experiments  he  made  use  of  a  solenoid 
of  72  turns,  whereas  that  of  ttArsonvat  was  much  shorter. 
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The  enonnous  amount  of  s«U-tnduclion  in  QuertofCs  ap- 
paratus modified  the  electrical  conditions  considctably.  His 
experiments  have  also  proved  how  greatly  any  change  in 
external  conditions,  such  as  ventilation,  temperature,  etc., 
may  modify  the  results'. 

JyArsottval  points  out  ttiat  QutrtOH  allowed  his  animals 
to  remain  in  a  coniined  atmosphere  which  became  more  and 
more  saturated  wilJi  CO,.  It  is  not  to  be  wondered  at  that 
tmder  these  conditions  the  nutriUve  exchanges  were  dimin- 
ished. The  fact  that  the  amount  of  COj  excreted  was  not 
diminished  proves  that  the  high  frequency  was  able  in 
some  measure  to  compensate  the  unfavourable  conditions 
of  the  experiment*. 

Experiments  conducted  by  Tripet  and  GuUlaume  shew 
that  auto-conduction  augments  the  reduction  of  oxyhscmo- 
globtn  in  patients  with  imperfect  nutrition,  while  it  dimin* 
ishes  it  in  patients  where  the  reduction  is  already  exag- 
gerated. 

33a  Effect  on  Thtnaogtntai^.—D'Arsonvats  experi- 
ments with  the  anemo-calorimcter  shew  that  the  amount  of 
heal  given  off  by  the  body  is  nearly  doubled  under  the  in- 
fluence of  auto-conduction.  These  ot>scr\-ations  have  been 
confirmed  by  Borditr  and  LecomU.  Bonniot,  using  the 
condensing  couch,  was  led  to  the  same  conclusions. 

33[.  Action  on  the  urinary  secretiotL — lyArsonvol 
found  from  experiments  made  on  patients  under  the  care 
of  A/.  Charrin,  that  high  frequency  currents  augmented  the 
elimination  of  extractive  matters,  particularly  urea,  and  in- 
creased the  toxicity  of  the  urine.  There  was  at  the  same 
time  a  decrease  of  the  non-oxidised  or  incompletely  oxidised 
sulphur  compounds.  [Ride  and  Rfnti.  Experiments  on 
the  estimation  of  oxyprotcic  add.) 
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From  a  serks  of  clinical  observations,  Apostoli  and 
Berlios  conclude  that  under  high  frequency  trcatmenl.  the 
ratio  of  uric  add  to  urea  tends  to  approach  the  normal 
value,  ^  ,  while  the  ratio  of  phosphoric  add  to  uric  add  re- 
mains unaltered. 

The  treatment  by  means  of  tBe  condensing  coud)  seems  to 
give  results  which  are  more  rapid  tlian  those  obtained  by 
auto- conduct  ion.  While  treating  patients  suffering  from 
chronic  rheumatism,  Morton  obscr^-ed  an  augmentation  of 
urea  and  a  diminution  of  uric  add, 

Ria!e  and  Renst  consider  that  the  favourable  result  of 
high  frequency  treatment  in  diabetic  cases  may  be  explained 
by  the  increased  excretion  of  uric  and  phosphoric  acids. 
This  simultaneous  increase  of  excretion  of  both  adds  in 
the  same  pr<^ftion  seems  to  point  to  some  action  of  the 
currents  on  nucldn,  which  is  probably  the  original  source 
of  the  sugar  in  the  urine. 

Denoyis,  Marire,  and  Roitviire  have  repeated  these  ex- 
periments.   They  made  three  scries  of  observations. 

a.  Chemical  analysis  of  the  urine. 

b.  Experiments  on  the  toxicity  of  the  urine. 

c.  Determination  of  the  point  of  congelation. 

From  these  experiments  they  obtain  the  following  results : 
I.  Under  the  influence  of  high  freqtKncy  currents  there 
is  an  augmentation  of  the  quantity  of  urine  excreted,  of 
urea  and  of  uric  add.  The  total  quantity  of  nitrogen  eltmi- 
nated  is  also  increased,  together  with  that  of  the  phosphates, 
sulphates  and  chlorides.  The  ratio  of  nitrogen  to  urea 
is  also  increased. 

3.  The  uro-toxie  coefficmtt  is  raised,  and  there  is  a 
diminution  in  the  number  of  elaborated  toxic  molecules 
necessary  to  kill  an  animal  of  given  weights    This  last 

■Boochard,  "Troubles  prcaUbIc  dc  la  ntitriiioit.  Trsit^  de  Path- 
ologic., TocM,  III. 
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ohsemtioa  it  inyoftant.  since  it  shews  thit  the  ncreued 
Unodty  of  the  arine  is  doe,  at  least  in  port,  to  the  increased 
toxkity  of  eadi  ntokcnJe,  and  not  to  a  mere  increase  in  the 
number  of  tone  mdecaks. 

These  conclusions  ha%-c  been  confirmed  by  Dhtoyif  woric 
based  on  the  cr^'oscopic  examination  of  the  urine. 

The  alteration  of  the  urine  due  to  a  high  frequen^  seance 
ii  maintained  for  serenl  da>s. 

333.  Action  of  high  frequency  currenta  on  CcU-Ufe, 
on  Microbes  and  on  Toxins. — High  frequency  currents 
have  an  influence  on  cell  life.  Tliey  affect  the  germination 
of  plants  and  the  life  of  micro-of^nisms.  Observations 
have  been  made  by  iTArsonvai  and  Charrin  on  bacillus 
pyocyaneus,  and  the  toxin  of  diphtheria,  by  Bonome,  Viola 
and  Casciam  and  Dubois  on  the  toxin  of  streptococcus,  and 
by  tfArsontai  and  Phiioiix  on  cobra-venom.  In  spite  of 
some  divergence,  these  observations  concur  in  shewing  that 
the  viniJcnce  of  toxins  is  diminished  by  high  frequency 
currents  in  the  form  of  auto-conduction. 

Their  action  on  living  microbes  appears  more  doubtful. 
Thus  bacillus  pyoc>'aneus  preserves  its  colouring  and  patho- 
genetic action,  although  in  some  instances  the  bacillus 
seemed  to  grow  leis  rapidly.     {lyArsonviU  and  Charrin.) 

Marmier  sa^ipoees  that  the  above  result  may  be  due  to 
a  rise  of  temperature  caused  by  the  high  frequency  current, 
but  recent  experiments  undertaken  by  dArsonval  have 
shewn   that  this  is  not  the  cause. 

333.  Local  Phyuological  effects  of  die  eEBeuves  and 
•parks. — There  is  but  little  to  he  said  of  the  action  of 
high  frequency  effleuves  or  spuirks  on  the  healthy  skin,  if 
we  leave  out  of  consideration  the  effects  on  the  general 
system.  An  energetic  vaso-consiriction  is  produced  at  tiie 
■pot  where  a  spark  or  powerful  aigrette  strikes  the  skin. 
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If  tiie  exposure  is  of  long  duration,  a  blister  may  make  its 
appearance,  and  the  inflammation  of  the  skin  may  be  most 
intense  and  prolonged.  The  action  of  the  effleuve  on  morbid 
tissue  constitutes  an  important  chapter  in  electrotherapy. 

According  to  Doumer  and  Oudin,  the  effleuve  appears  to 
have  no  actioii  on  toxins. 


CHAPTER  IV. 
PHYSIOLOGICAL  ACTION  OF  STATIC  ELECTRICITY. 


334.  Geoeral  Considerations. — We  may  represent  the 
state  of  a  body,  charged  to  a  given  electrical  potential,  as 
the  mult  of  an  alteration  of  the  dynamic  equilibrium  of 
its  molecules.  If  the  body  is  completely  insulated,  and  the 
electric  cliarge  which  has  been  communicated  to  it  is  not 
dissipated,  the  alteration  is  a  stable  one.  A  new  state  of 
molecular  equilibrium  has  been  established,  which  will  per- 
sist indefinitely  without  any  expenditure  of  cncrg>'. 

This  ideal  static  bath  cannot  be  realised  in  praclice,  be- 
cause it  is  impossible  to  insulate  a  body  completely,  and  in 
order  to  maintain  it  at  a  given  potential,  fresh  electrical 
diarges  must  be  brought  to  it  to  replace  those  whidi  are. 
dissipated. 

In  this  way  an  equilibrium  may  be  maintained,  since  the 
potential  may  be  kept  constant,  but  it  is  not  an  equilibrium 
of  repose  but  an  equilibrium  of  motion,  necessitating  the 
expenditure  of  energy. 

When  we  place  a  patient  under  the  influence  of  an  electro- 
static machine,  we  are  in  reality  submitting  him  to  a  current 
of  high  potential.  We  get  absolutely  tlie  Kimc  phenomena 
as  when  we  pass  a  galvanic  current  through  a  conductor. 
Consider  a  section  of  such  a  conductor.  At  the  moment  of 
"make,"  it  receives  a  perturbation,  and  immediately  it  tends 
to  regain  its  former  condition  of  equilibrium,  by  transmitting 
the  perturbation  to  the  adjacent  section.  This  tendency  to 
return  to  the  neutral  state  is  again  opposed  by  a  new  per- 
turbation, transmitted  like  the  former  ooc.    There  is  thus 
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a  scries  of  perturbations  continually  renewed  ta  fast  as  tliey 
are  transmitted. 

The  physiological  effects  of  swell  a  corulition  differ  greatly 
from  that  of  tlie  ideal  static  bath,  in  which  the  organism 
would  be  raised  once  for  all  to  a  given  potential  and  main- 
tained there  in  an  equilibrium  of  repose. 

In  practice  the  ideal  static  hath  is  unobtainable.  We  , 
have  therefore  to  study  the  physiological  effects  produced 
when  an  organism  is  submitted  to  the  various  varitte^  of 
currents  of  high  potential  which  are  produced  by  an  electro- 
static madiiiie.  These  arc  the  electric  bath,  the  electric 
breeze,  sparks,  the  aigrette,  friction  and  sliocks, 

335.  Modes  of  application  of  the  electricity  furnished 
by  an  electrostatic  tnacbine. — llic  following  arc  the  meth- 
ods wc  may  employ  when  using  a  bipolar  electrostatic  ma- 
chine. We  may  place  tlie  patient  directly  in  connection 
with  tlic  two  poles  of  the  madiinc,  in  which  case  he  will  be 
traversed  by  an  exceedingly  feeble  current.  The  energy 
absorbed  by  the  body  will  be  very  small  and  the  effect 
negligablc.    The  effect  may  be  increased  in  various  ways, 

a.  Wc  may  interrupt  the  circuit  in  the  course  of  a  con- 
ductor. If  we  separate  the  two  extremities  of  tliis  inter- 
rupted conductor,  sparks  will  pass  across  the  gap,  giving 
rise  to  variations  of  potential  through  the  whole  circuit 
at  the  moment  of  discharge.  The  name  of  mediate  txcila- 
tatioH  has  been  given  by  Tripier  to  this  form  of  static  dis- 
diargc.  If  the  poles  of  the  spark  gap  are  furnished  with 
points,  and  are  stil!  further  separated,  we  get  a  continuous 
flow  of  cicctridty  through  the  air.  which  is  a  dielectric  of 
great  resistance.  Wc  thus  obtain  an  arrangement  which 
Weill  calls  a  rheostat,  since  it  introduces  a  considerable 
resistance  into  a  circuit,  the  resistance  of  wljich  when  closed 
is  practically  negligablc.  The  gaseous  resistance  plays  the 
18 
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same  part  as  the  fine  nidccl  wire  introdnced  into  the  circuit 
of  a  galvanic  cell  which  lias  been  previously  short-circuited. 
The  maximum  difference  of  potential  is  found  between  the 
two  poles  of  tlie  rbeostaL 

b.  Instead  of  introducing  an  air  resistance  in  the  course 
of  the  conductor,  we  may  introduce  it  between  the  surface 
of  tlic  integument  and  tlic  electrode  attached  to  one  of  the 
poles  of  the  maclitne. 

When  such  an  electrode  Is  placed  at  a  short  distance  from 
the  skin,  a  series  of  sparks  is  produced  between  it  and  the 
idcin.     \Vc  may  sift  out  these  sparics  by  making  thcin  pass 
through  soeral  thicknesses  of  cloiJ)  and  we  then  gel  the  so-  _ 
called  tleclrical  friction.  fl^H 

If  the  electrode  is  terminated  by  a  point  and  is  removed  t^^ 
a  greater  distance,  we  produce  the  electric  aigrelte,  electric 
effletive,  the  electric  souf^c  or  the  electric  douche. 

In  this  case  the  disruptive  discharge  takes  place  on  con- 
tact with  the  skin,  and  it  is  there  that  the  principal  fall  of 
potential  occurs.  The  various  forms  above  described  are 
termed  direct  fratiklinisation. 

The  electric  batli  is  only  a  form  of  direct  franklinisation, 
hi  which  we  may  imagine  the  electrode  separated  from  the 
patient's  body,  placed  at  a  distance,  and  finally  suppressed, 
being  earthed  or  not  as  the  case  may  be.  The  electricity 
is  then  discharged  into  the  surrounding  air  from  every 
asperity  on  the  jwtient's  body. 

The  conditions  may  be  varied  by  earthing  either  the 
patient  or  the  active  electrode.  According  to  the  old  termin- 
ology, the  patient  was  said  to  undergo  electric  exhautlion 
when  the  operator  was  earthed  and  drew  sparks  from  the 
patient.  On  the  other  hand  the  patient  was  said  to  undergo 
electric  irroration  when  the  patient  was  earthed  and  received 
sparks  from  titc  machine. 
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Mediate  excitation  conMsts  in  the  production  of  sudden 
variatioos  of  potential  in  the  circuit,  at  tlie  moment  when 
the  spark  passes  across  the  gap  in  the  circuit.  It  is  of  in- 
terest  to  the  physiolc^ist  in  consequence  of  its  motor  effects. 

Th«  production  of  Morion's  currents  (177)  is  another 
metliod  by  whicli  rapid  variations  of  potential  are  produced 
in  the  circuit  of  a  static  tiiachiiic. 

W'c  shall  now  proceed  to  examine  tlie  physiological 
properties  of  each  of  these  different  methods  in  turn, 

336.  Electrostatic  Bath. — The  patient  is  insulated  and 
placed  in  connection  with  one  pole  of  the  machine,  the  other 
pole  being  usually  earthed.  The  electricity  escapes  from  all 
points  of  the  integument,  giving  a  slight  tidcling  sensation, 
as  if  the  skin  were  nibbed  with  gauze.  The  body  ts  thtis 
traversed  by  a  constant  electric  current  of  high  tension. 
There  is  some  controversy  about  the  physiological  effects 
of  the  electrostatic  bath,  but  they  appear  to  be  as  follows: 

a.  IncreaM;  of  frequency  of  the  pulse,  which  may  be 
maintained  for  a  week  after  treatment  by  static  electricity 
has  ceased.     (Truckol.) 

b.  Increase  of  arterial  tension.  All  observers  recognise 
this  effect,  although  it  docs  not  seem  to  be  in  accordance 
with  the  increased  frequency  of  the  pulse. 

c.  Slight  rise  of  the  general  temperature,  (yigouroux.) 
According  to  Domian  the  increa^  is  more  noticeable  when 
the  positive  pole  is  used.  It  may  persist  for  some  time 
after  a  course  of  several  seances.  There  is  also  an  increase 
of  muscular  force  immediately  after  the  use  of  tlie  static 
hath.     (Truchot.) 

d.  According  to  d'Arsonvat  there  is  an  augmentation  of 
the  respiratory  combustion.  This  is  due  to  the  production 
of  ozone,  which  is  more  readily  fixed  by  the  red  blood  cells 
than  atmospheric  oxygen.     (Borditr.) 
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e.  The  secretion  of  nre*  is  greatly  modiiied,  the  ratio 
area  to  the  total  nitrogen  beiti^  increased.  (Tnuhel.) 
Thi«  indicates  that  the  oxidation  of  oitrogeaous  matter  is 
very  active,  since  urea  is  the  product  of  complete  oxidation 
of  nitro^cttous  matter.  The  opposite  eScct  is  produced  if 
the  seances  are  too  frequently  repeated.  According  to 
Truchot's  theory,  the  organism  when  burning  too  fast, 
bums  badly,  and  leaves  products  of  combustion  which  are 
incompletely  oxidised. 

Tlie  physiological  effects  of  the  ncsolive  balk  on  the 
urinary  secretion  have  been  specially  studied  by  Matre  and 
Florence,  who  followed  the  work  of  (fYvon  on  this  subject. 
They  found  a  diminution  of  the  phosphates  and  uric  add, 
and  a  decrease  of  the  ratio  of  the  total  carbon  in  the  urine 
to  the  carbon  present  in  the  albuminoids,  corresponding  to 
a  diminution  in  the  average  weight  of  the  molecule.  The 
static  bath  therefore  acU  in  the  same  way  as  the  currents 
of  higli  frequency,  but  not  so  powerfully. 

c.  Other  general  effects  are  produced,  such  as  accelera- 
tion of  the  digestive  functions  and  a  tendency  to  sleep. 

337.  Electrostatic  Souffle.— Electrostttic  Douche.— Ef- 
fleuvation. — The  electric  soufHc  is  produced  by  a  current 
of  cicclrffied  gaseous  molecules,  impinging  on  the  skin.  II 
produces  a  lowering  of  the  surface  temperature  atid  a  cool- 
ing sensation.  This  is  due  to  increased  cutaneou.i  evapora- 
tion and  also  to  the  contact  of  the  cooler  gaseous  particles 
with  the  skin.  Bordicr  has  sticwn  that  the  n^ative  souffle 
produces  a  greater  reduction  of  ihc  temperature  than  the 
positive  souffle,  and  that  this  reduction  is  prolonged  for 
some  time  after  the  termination  of  the  silting. 

The  electrostatic  density  is  greater  with  llie  negative  than 
with  the  positive  souffle.  An  experiment  of  Borditf^s  proves 
this   conclusively.     He  exposed   starch   iodine  test  paper. 
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which  turns  brown  under  the  action  of  ozone,  to  tlie  positive 
and  negative  souffle  and  found  that  the  area  of  discolouration 
produced  by  the  negative  souffle  is  of  deeper  colour,  but  of 
less  extent.  The  same  author  measured  the  intensity  ol 
Uk  air  current  by  nK:ans  of  an  anemometer,  and  found  that 
the  negative  breeze  was  stronger  tlian  that  issuing  from  the 
positiv-e  pole. 

The  angle  of  the  discharging  point  is  also  of  great  inw 
portance.    Bordter  found  that  the  area  influenced  by  the 

ibrecze  increased  wiOi  the  bluntness  of  the  point.    The 

'  optimum  effect  was  produced  with  an  angle  of  90°  or  more. 
{Bardier,  Precis  d'elcctrothfrapie.) 
The  static  breeze  has  a  sedative  action,  calming  painful 

'  sensations.    It  also  appears  to  act  as  a  stimulant  of  the 
vitality  of  the  tissues,  probably  by  its  action  00  the  tn^hic 

literves.    In  this  way  wc  may  explain  its  beneficial  effects  on 
the  voice,  in  the  case  of  public  singers.     (518.) 

338.    Electrosutic   Sparks. — Electric    friction. — Elec- 
ItTDStatic  sparking  of  the  skin  by  means  of  an  exciter  has 
various  effects, 

a.  Effects  on  the  nerves  of  general  sensation,  or  on  tbe 
local  sensory  nerve*. 

b.  Effects  on  vaso-motor  nerves. 

c.  Motor  effects. 

d.  Effects  on  the  general  system, 

339^  (^)  Sensitive  or  sensory  effects  of  the  tutic 
spark. — U  the  .spark  i.^t  small  and  thin,  the  sensation  13 
that  of  a  small  pin-prick,  while  if  the  spark  is  stronger  there 
I  is  a  sensation  of  shock.  In  sensory  nerves,  such  as  the 
optic  tttntt,  tlie  spark  produces  the  same  effect  as  other 
nerve  stimulants. 

34a     (b)  Vaso-motor  effects. — When  a  region  is  sub- 
jected to  a  shower  of  sparks,  the  first  result  is  vaso-constric- 
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tion,  with  paHor  of  the  dcm.  To  this  succeeds  vaso-raotor 
far^ysis  -with  rdaxation  of  tSe  smaller  vessels,  local  rise 
of  fenqiefature  and  redness. 

These  effects  become  moir«  noticeable  wHfa  the  positive 
than  with  the  negatiTe  pole.  This  was  clearly  demon- 
strated by  Bordier's  cxperirtieots,  in  which  all  sources  of 
error  dac  to  direct  beating  by  the  spark  were  carefully 
eliimiBled. 

The  effects  of  the  direct  sparic  vary  with  the  patient,  with 
the  intensity  of  tlic  -^parlc,  and  with  the  pathological  con- 
dition. In  subjects  affected  with  goitre  they  are  most 
nmrfced,  ihc5«  patients  often  exhibiting  the  phenomenon 
known  as  dcnHographism^. 

34I.  (c)  Motor  effects  of  the  direct  spark. — The  sensa- 
tion of  shock  which  accompanies  the  spark  is  due  to  mus- 
cubr  contraction.  If  instead  of  passing  between  the  exciter 
and  the  skin,  the  spark  be  allowed  to  pass  in  another  portion 
of  the  circuit,  the  pridcling  .-Mmsation  is  snppresscd,  and  the 
shock  only  is  felt  In  this  way  we  are  better  able  to  study 
motor  effects,  Bordier's  experiments,  made  wiih  hfare^s 
myograph,  shew  that  the  contraction  is  (Quicker  and  more 
pronounced  with  tlic  negative  pole.  This  corresponds  with 
tJic  action  of  the  negative  pole  on  closure  with  the  gal- 
vanic current. 

From  experiments  on  muscular  contraction  made  with 
mediate  sparks  of  different  lengths,  Bordier  has  shewn  that 
"the  degree  of  muscular  contraction  is  directly  proportional 
to  the  square  of  the  spark  length." 

Wlien  the  miiMie  i.*  stimulated  by  means  of  the  direct 
spark,  using  spheres  of  different  siies  as  exciter,  it  is  found 
that  the  d^ree  of  muscular  contraction  varies  with  the  size 
of  the  sphere.    Bordier  has  determined  the  relation  between 

*  Bordier.  Arcfaire*  d'Elcctricili  MMicale,  1898,  p.  so& 
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the  dcETPC  of  contraction  and  the  diameter  of  the  exciter  for 
3  given  Irngtli  of  spark. 

He  has  also  demonstrated  the  influence  of  the  electric 
density  on  the  contraction  of  the  muscle,  employing  an 
exciter  with  balls  of  different  sites.  The  smaller  the  ball. 
the  greater  is  tJie  electric  density,  since  tlie  surface  of  contact 
between  tlie  ball  and  the  skin  ts  smaller  for  a  sphere  of  less 
diameter.  His  results  agree  with  witat  wc  should  expect 
from  theoretical  considerations ;  tlie  greater  the  density,  the 
stronger  is  the  contraction.  With  direct  stimulation  we 
get  the  greatest  result  with  the  smallest  eJectrode,  the  maxi- 
mum  effect  being  produced  by  a  pointed  electrode  in  contact 
with  the  skin.  The  contraction  would  be  greater  still  if 
we  could  charge  the  patient  himself,  since  the  electric  density 
would  be  at  a  maximum,  the  section  of  a  spark  being  still 
smaller  than  that  of  a  pointed  electrode. 

342.  (d)  General  effect. — Electric  friction.— The  static 
S]KiTk  has  a  more  profound  effect  than  might  be  expected. 
We  have  already  seen  in  our  study  of  the  motor  effects, 
that  the  deeper  tissues  are  influenced  by  variations  of  poten- 
tial. \Ve  shall  meet  with  even  more  manifest  effects  of  the 
variable  electrical  state  when  we  come  to  study  the  motor 
phenomena  of  Hertzian  franklinisation. 

Electric  friction,  by  means  of  a  rain  of  small  sparks  also 
produces  a  sedative  effect  on  the  deeper  tissues.  (Vigou- 
roMx.) 

When  prolonged  and  localised  on  one  spot,  the  sparic 
douche  may  cause  the  formation  of  a  blister. 

343.  Morton's  Currents. — Hertzian  Franklinisation. — 
We  may  obtain  a  sort  of  direct  franklinisation  of  the  skin 
by  means  of  Morton's  currents  applied  with  an  electrode 
held  at  a  short  distance  from  the  skin.  The  action  is  then 
comparable  with  that  of  the  high  frequency  sparks,  or  etec- 
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trostatlc  sparJcs,  The  usua!  way  of  apiilying  Morton's  cur- 
rents is  to  place  the  active  electrode  directly  on  Uie  integu- 
ment, the  patient  being  earthed.     (177.) 

■With  each  spark  in  the  spark  gap,  the  patient  is  submitted 
to  a  sudden  variation  of  potential,  foUowcd  by  isodironous 
oscillations  which  rapidly  die  down.  (1*3.)  The  motor 
effects  of  Morton's  currents  arc  characterised  by  their 
deptli,  their  enei;gy  and  Iheir  freedom  from  pain,  llie  cur- 
rents act  most  energetically  on  unslriped  nuiscular  fibre, 
as  well  as  on  voluntary  muscle.  With  discfiarges  repeated 
fifty  times  per  second,  a  painless  tctanisation  of  the  muscle 
may  be  obtained. 


CHAPTER  V. 

PHYSIOLOGICAL  ACTION  OP  THE  VARIOUS 
RADIATIONS. 


344.  General  Considerations. — ^The  study  of  the  di(- 
fent  radiations  or  undulations  transmitted  by  the  ether 
should  include  the  Hertzian  waves,  radiant  heat,  the  infra- 
red rays,  light,  ultra-violet  rays,  and  the  various  new  radia- 
tions which  under  the  nanic  of  X-rays,  sccondar>-  rays, 
cathode  rays,  radio-active  radiations.  N-rays,  etc.,  cither  find 
their  place  in  the  gamut  of  wave  Iengtli».  or  are  caused  by 
the  emission  of  ultimate  particles  of  matter. 

At  the  present  time  this  synthetic  study  Ls  not  possible, 
and  in  any  case  it  would  not  come  within  the  scope  of  this 
woilc 

The  Hertzian  undulations  constitute  the  lower  notes  of 
the  scale  of  transverse  vibrations  of  the  ether.  These  have 
been  already  studied  in  the  paragraphs  devoted  to  high  frc- 
queiKy  treatment  and  we  need  not  consider  them  further. 

The  electro-catilcr>'  will  come  under  the  heading  of  heat 
radiation  resulting  from  tite  transfonnation  of  electric 
energy. 

In  studying  the  physiological  effects  of  Light  we  shall 
restrict  wirselves  to  a  consideration  of  the  Finscn  treatment. 
Finally,  the  physiological  action  of  the  new  radiations  may 
be  sumnwd  up  in  a  single  chapter,  which  will  include  a  study 
of  radio-dermatitis. 

The  recent  discoveries  of  Blcqiteril,  Curie,  Blcmdlot,  Char- 
pentier,  Meyer,  Bichat  and  otfiers  have  opened  up  to  us  new 
and  vast  intellectual  horizons,  since  vital  phenomena  appear 
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to  be  associated  with  the  production  ot  3  new  order  of  radia- 
tions. These  obscrvattoiis  arc,  however,  too  recent  as  yet 
to  find  their  place  in  a  chapter  on  general  physiology.  We 
shall  confine  ourselves  to  consideration  of  the  following  sub- 
jects. 

t.  Galvano-cautery  and  the  action  of  radiant  heat  from 
an  electric  source. 

2.  The  action  of  light  rays  derived  from  an  electric  source. 

3.  The  action  on  the  normal  organbm  of  tlie  X-rays,  and 
the  rays  emitted  by  radio-active  substances. 

345-  Action  of  Radiant  Heat. — \  certain  mean  tem- 
perature is  iiidisprasablc  for  every  organi.sin.  Piiysiology 
explains  the  means  by  whtcli  this  constant  temperature  is 
maintained  in  spile  of  cvtcmal  variations.  Nevertheless,, 
the  variations  of  external  lempcrattire  produce  certain  physi- 
ological effects,  and  may  consequently  be  employed  for 
therapeutic  purposes.  There  are  three  methods  of  apply- 
ing heat. 

I.  Moist  Heat,  by  means  of  warm  baths,  poultices,  fo- 
mentations, vapour  baths,  etc.  We  will  not  allude  to  these 
further  than  to  warn  patients  of  the  danger  of  using  the 
vapour  bath  above  45°C.  in  consequence  of  the  diminished 
evaporation  from  the  surface  of  the  integument,  and  also 
from  the  respiratory  tract,  if  the  head  is  included  in  the 
bath.  The  symptoms  are  vertigo,  syncope,  cor^stion  and 
hamorrhage. 

a.  Dry  Heat,  by  means  of  bran,  hot  sand,  the  electric 
thermophore,  the  hot  dr>'  air  bath,  etc.  Although  a  hot 
air  bath  may  be  used  at  a  higher  temperature  than  a  steam 
bath,  it  is  better  not  to  raise  it  above  8o'C.  The  electric 
thermophore  consists  of  a  light  incombustible  tissue  in 
which  are  wm'en  wires  of  high  re.'^isiance  carefully  insulated, 
which  may  be  heated  by  the  passage  of  a  current.    The 
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thermophore  may  be  a^^Iied  directly  to  the  dtin,  or  with  the 
interposition  of  a  compress,  io  order  to  produce  »  moist  heat 
or  poultice. 

If  not  well  ventilated,  the  hot  air  bath  soon  becomes  trans- 
formed  into  a  vapour  bath,  and  the  danger  of  a  high  temper- 
ature increases  with  the  degree  of  moisture.  With  good 
ventilation,  a  temperature  of  nearly  140*C.  may  be  borne. 
{Taller  tnan.) 

3.  The  third  category,  which  more  particularly  interests' 
us  here,  includes  all  the  applications  of  radiant  heat  from 
sources  which  are  also  luminous. 

Here  it  is  no  longer  the  contact  of  the  circumambient 
air  at  a  high  temperature  which  stimulates  the  skin,  but 
radiations  from  a  distant  source  which  fall  upon  the  skin 
without  producing  any  great  rise  in  the  temperature  of  the 
air  through  which  tliey  pass.  A  thermometer  placed  in  a 
beam  of  radiant  heat  may  rise  to  240*C.,  while  the  organism 
which  receives  the  rays  is  in  no  way  incommoded.  The 
body  may  be  without  danger  completely  immersed  in  a  radi- 
ant heat  bath  which  will  raise  the  thermometer  to  205"  C. 
provided  that  the  air  is  constantly  renewed,  so  tliat  the  bath 
does  not  become  a  vapor  bath.  Tonta  of  Milan  has  de- 
signed an  arrajigement  whereby  the  venlilation  is  ensured, 
and  the  hygomctric  condition  of  the  air  indicated  continu- 
ously'. 

As  regards  the  action  of  these  electric  heat  baths,  they  do 
not  differ  from  those  of  heat  in  general.  The  surface  cir- 
culation is  increased,  and  the  lymphatic  vessels  arc  dilated. 
(Kowohki)  At  the  same  time  there  is  diminution  of  the 
arterial  pressure,  and  augmentation  of  the  puUc  frequency. 

The  sedative  action  of  moist  heat  ha*  been  well  known  for 
ages.    There  is  a  tendency  in  these  days  to  employ  methods 
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of  trealment  whose  novelty  consists  only  in  the  compl»xitv 
and  luxury  of  the  apparatus.  It  is  well  that  both  the  latient 
and  the  practitioner  should  be  on  their  guard  against  this 
tendency. 

346.  Galvano-cauteiy. — In  the  eflfect  on  the  tissue 
there  is  no  fundamental  difference  between  the  old-fashioned 
metal  cautery,  the  thcmio-cautcr>'  and  the  galvano-cautcry. 
The  two  latter  arc,  however,  in  universal  use  on  account  of 
their  convenience,  and  the  absence  of  heat  radiation  from 
a  large  mass  of  metal  necessary  in  using  the  older  form. 

The  galvanic  cautery,  and  particularly  tlie  galvanic  knife, 
enables  us  to  sever  tissues  witliout  haanorrhage. 

The  hemostatic  effect  is  due  ui  part  to  the  obliteration  of 
the  smaller  vessels  by  the  action  of  heat,  and  in  part  to  the 
coagulation  of  tlie  blood. 

In  order  to  secure  this  haemostatic  action  the  tcn-iprr- 
ature  should  not  be  too  high.  We  should  always  use  the 
same  cautery,  as  practice,  better  than  any  mode  of  measure- 
ment, enables  us  to  regulate  the  required  degree  of  heat. 
The  intensity  of  current  required  to  keep  the  cautery  at  a 
dull  red  beat  varies  according  to  circumstances.  For  ex- 
ample, a  cautery  which  will  become  white  hot  in  air  with  a 
current  of  8  amperes,  may  require  20  amperes  to  enable  it 
to  cut  rapidly  through  muscular  tissue,  while  tn  other  cases 
it  may  only  require  12  amperes.  .-\n  amperemeter  is  of 
great  use,  especially  if  one  is  working  in  a  position  where 
the  noose  is  not  readily  visible.  The  amperemetei  will 
warn  us  if  we  are  in  danger  of  fusing  tlie  wire. 

347.  Action  of  Electric  Light. — We  shall  only  treat 
here  of  the  physiological  effects  of  light  which  siMcially 
interest  the  medical  electrician.  A  tai^  volume  might  be 
■written  on  the  action  of  light  on  tlie  evolution  of  li\ing 
organisms.    A  luminous  ray,  from  whatever  source,  lias  the 
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•ame  properties.  The  only  factor  which  (iiffcrcntiatcs  the 
rays  of  light  from  one  another  is  their  wave  length. 

The  luminous  gamut,  that  is  the  scale  of  rays  which  arc 
abl«  to  impress  the  retina,  commences  with  a  wave  length  of 
698  It  and  goes  up  to  393  n. 

The  following  table  gives  the  luminous  sensations  cor- 
rcspoocUng  to  a  given  wave  l«ngtli : 

Violet 392,1  to  428;* 

Indigo 434/1  to  449^ 

Blue 457M  to  5«>i* 

Green 500  f>  to  544  p 

Yellow 562  n  to  583  fi 

Orange 6oo/t  (o  66oj« 

Red 663/1  to  698  f» 

The  ultra-violet  rays  with  a  shorter  wave  length  than 
393  ft. ,  and  the  infra-red  rays  with  a  longer  wave  length  than 
698  (1  are  both  impercepliblc  to  the  retina. 

Allliough  invisible,  the*e  rays  form  a  large  pari  of  the 
external  conditions  which  have  detemtined  the  evolution  of 
living  organisms.  This  is  especially  the  cas<  with  the  infra- 
red Tzys,  among  which  are  tlie  caloric  rays.  1'he  atmosphere 
being  much  more  opaque  to  the  ultra-violet  rays,  the  ot^n- 
isra  has  not  been  subjected  to  their  inRucncc  during  the 
long  course  of  evolution.  This  fact  mati  be  remembered 
in  studying  tlie  action  of  monochromatic  light  on  ori;an!:>nis 
which  have  been  developed  under  the  influence  of  solar 
light.  We  have  at  our  disposal  two  methods  of  experi- 
mentation. We  can  submit  the  organism  to  what  is  called 
foiilive  phototherapy,  i.c.,  a  more  intense  light  of  a  definite 
wave  length.  Or  we  may  deprive  the  organism,  for  a  longer 
Or  shorter  period,  of  a  portion  of  the  rays  of  the  solar 
I  Spectrum.    This    negaint    phototherapy    is    the    method 
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adopted  hy  experim«nters  who  have  desired  to  study  ttie 
action  oi  green,  red  or  blue  light  on  Ihe  evolution  of  animals 
or  plants. 

In  the  case  of  a  living  organism  under  a  screen  which  is 
opaque  to  light  of  a  certain  wave  length,  we  must  remem- 
ber that  it  is  deprived  of  onl>'  one  light  note  of  the  wliole 
gamut  of  transverse  ethereal  vibrations.  It  ts  difficult  to 
eliminate  the  caloric  rays  since  most  coloured  screens  arc 
diathermic. 

Sofnc  chemical  substances,  a  solution  of  alum  for  example, 
arc  transparent  to  the  waves  of  light  but  not  to  those  of 
heat.  Others,  such  as  a  solution  of  iodine  in  bisulptiide  of 
carbon,  arc  diathennic,  but  opaque  to  light.  When  wc  ex- 
pose an  organism  to  monochromatic  light  wc  merely 
eliminate  that  part  of  the  scale  vibratiotis  which  is  immedi- 
ately above  or  below  the  given  tint,  i.e.,  the  rest  of  the  visible 
spectrum.  Such  being  the  case,  we  are  liic  less  surprised 
at  tJic  contradictory  conclusions  to  which  ilifTercnt  experi- 
menters have  arrived.  For  instance,  the  suppression  of  the 
luminous  rays  of  wave  length  between  340^1  and  700  fi  will 
have  a  different  effect  according  as  the  organism  is  subjected 
to  a  greater  or  less  irradiation  from  invisible  rays  of  shorter 
wave  length. 

A  second  cause  of  error  is  that  the  light  screens  for 
monochromatic  light  allow  other  rays  to  filter  through, 
which  differ  according  to  the  nature  of  the  screen.  There 
is  also  considerable  difficulty  in  comparing  the  intensity  of 
monochromatic  and  ordinary  light. 

We  shall  proceed  to  give  some  results  of  negative  photo 
experiments  which  are  of  interest  in  their  bearing  on  photo- 
therapy. 

We  shall  proceed  to  the  study  of  some  positive  photo 
experiments.    These  consist  in  the  exposure  of  the  organism 
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to  Dionodironutic  or  polychromatic  light  of  medium  inten- 
sity, or  to  the  more  intense  radiations  of  tlie  Finsen  light. 

348.  Negative  phototherapy. — In  .spite  of  numerous 
Gcmtradictions,  certain  concluaioiiji  &eem  fairly  well  estab- 
lished. 

The  blue  and  violet  rays  of  the  spectrum  arc  necessary  for 
the  development  of  e^s  and  larvx.  Rays  of  short  wave 
length  stimulate  their  development  more  tlian  ordinary  light. 
On  the  other  hand,  green  or  red  light  retards  development. 
These  arc  the  results  of  experiments  by  Bh!ard  on  the  eggs 
of  musca  carnaria  in  1858.  and  of  Schndxler  on  tlie  cg(*5  of 
fro^  in  1874.  As  regards  their  stimulating  action  on  de- 
velopment. Yung  arranges  the  rays  in  the  following  order ; 
Violet,  Blue.  Yellow.  Wliitc,  Red,  Green,  which  ditTers  but 
little  from  the  order  of  Beclard. 

According  to  most  obsen-crs,  the  absence  of  all  light 
retards  ex'Olntion.  and  diminishes  the  activity  of  nutritive 
cliange.  Animals  inhale  less  CO,  in  the  dark.  This  has 
been  observed  in  experiments,  on  dogs,  pigeons  and  chiAens. 

The  largest  amount  of  carbonic  acid  is  exhaled  under  the 
influence  of  yellow  light.  (Selmi  and  PiaceHtini.)  In  1875 
Pott  observed  that  yellow  and  green  light  slimnlate  the 
dtmination  of  CO,.  Fubini  confimu  these  results  in  the 
case  of  frogs,  the  effect  being  the  same,  though  in  a  less 
degree,  when  the  animals  are  deprived  of  their  sight.  Sim- 
ilar results  were  obtained  by  experiments  on  hybcmating 
animals,  such  as  dormice  and  bats,  shewing  that  the  increase 
of  tissue  exchange  is  not  due  merely  to  wakcfulncsi  or 
muscular  activity. 

Recently  ifme.  Rog&vine  has  carried  out  some  experi- 
ments in  M.  Richer's  laboratorj'  on  the  production  of  the 
lactic  ferment.  These  shew  that  blue,  violet  and  ultra- 
violet rays  stimulate  the  production  of  the  ferment,  whereas 
green  rays  retard  it 
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In  general,  we  may  say  lliat  the  actinic  rays  accelerate  the 
gTowlIi  of  primitive  oi^nisiiiii,  while  green  and  red  rays, 
retard  it.  The  suppression  of  these  actinic  rays  may  some- 
times be  of  service  in  treatment  The  intense  application 
of  monochromatic  light  of  short  wave  length  may  also  be 
used  in  phototherapy.  The  explanation  of  its  use  must  be 
sought  in  these  negative  photo  experiments. 

3491  Action  of  positive  phototherapy  on  the  tissues. — 
A  cell,  an  organ  or  tissue,  whose  evolution  has  taken  place 
under  the  influence  of  solar  irradiation,  can  be  influaiced, 
not  only  by  deprivation,  but  also  by  exaggeration  of  certain 
rays  of  the  spectrum  which  fall  upon  it.  An  organism 
whose  evolution  has  occurred  under  the  influence  of  only 
a  portion  of  the  solar  spectrum,  may  be  incapable  of  adapt- 
ing itself  to  a  life  in  a  more  luminous  entourage.  Positive 
photo-experintenls  prove  tlw.1  light  has  2  deleterious  effect 
on  the  growth  of  such  organisms.  Downes  and  Blunl  have 
shewn  that  the  active  rays  especially  have  a  destructive 
action  on  bacteria  and  their  spores.  D'Arsomsil  and  Char- 
rin  have  made  similar  observations  on  bacillus  p>-ocyaneus, 
and  Arioing  on  bacillus  anthracis. 

Cebhard  has  sliewn  that  the  integuments  are  permeable 
to  the  luminous  rays.  This  lie  did  by  Uking  an  impression 
on  a  photographic  plate  through  the  thickness  of  tlie  hand, 
the  interdigital  spaces  and  edges  being  stopped  with  plaster. 
This  enables  us  to  understand  the  therapeutic  action  of  light 
on  microbie  growth,  an  idea  which  has  borne  fruit  in  the 
treatment  of  lupus  by  the  Finsen  light.     (482.) 

First  we  may  study  the  physiological  action  of  luminous 
rays  of  great  intensity.  Even  in  feeble  do«s,  light  has  a 
deleterious  action  in  certain  diseases  sitdi  as  variola  and 
measles.  With  the  intense  irradiation  now  used  in  treat- 
ment, it  must  exercise  a  still  greater  effect. 
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After  a  stance  of  phototherapy  by  Finsen's  method,  the 
healthy  skin  becomes  red  and  swollen,  the  inflammation  at- 
taining its  maximum  lo  to  12  liours  and  sometimes  24  hours 
after  exposure.  This  delayed  reaction  is  characteristic  of 
the  active  rays;  the  caloric  rays  produce  an  instantaneous 
reaction.  The  delay  is  even  more  marked  in  the  case  of  the 
X-rays,  with  whicli  radio-dermatitis  sets  in  5,  10  or  15  days 
after  exposure.  With  the  Fihjch  treatment,  the  inflam- 
matory symptoms  subside  from  4  to  8  days  after  exposure, 
■  and  are  followed  by  desquamation  and  pigmentation. 

The  action  of  tltc  rays  depends  on  their  wave  length.  In 
ordinary  stinbum,  it  is  iwt  the  caloric  ra>-s,  but  the  shorter 
chemical  rays  which  produce  the  effect.  The  production 
of  the  ice-bum  of  tlic  glaciers  is  a  striking  example  of  this. 

Long  before  the  introduction  of  phototherapy,  Bouchard 
had  studied  the  action  of  the  different  rays  of  the  spectrum 
on  the  skin.  The  experiment  was  made  by  exposing  his 
own  arm  to  the  focus  of  a  lens  placed  in  the  various  portions 
of  the  spectrum.  The  duration  of  each  exposure  was  30 
seconds. 

Red  rays  produced  no  efTect. 

Yellow  rays  produced  a  sligiit  burning. 

Green  rays  set  up  a  slight  erythema. 

Bhic  rays  produced  a  distinct  blister. 

As  a  result  of  these  lesions  and  more  particularly  under 
'the  action  of  3  "coup  dc  solcil"  (sun-burn),  the  skin  be- 
comes vascular  and  pigmented. 

The  increase  in  vascularity  is  not  a  mere  dilatation,  like 
that  produced  by  heat ;  it  is  a  durable  phenomenon  which 
may  persist  for  months.  Moreover,  the  integument  be- 
comes pigmented, — and  pigmentation  may  be  regarded  as 
a  mode  of  defense  of  the  organism  against  tlie  chemical 
rays,  since  the  pigment  absorbs  the  shorter  radiations  and 
19 
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thus  protects  the  subjacent  lisj^itc!i.  Under  the  »rticle 
Cphclidcs,  par.  491,  the  reailer  will  find  some  further  re- 
marks on  the  reaction  of  the  skin  to  solar  irradiation,  and 
on  (he  subject  of  {Hgrnc'itation  and  increased  cutaneous 
vascularity. 

350.  Action  of  X>n3r»  and  the  radiations  of  Radio- 
active bodies. — Without  entering:  into  the  question  of  the 
nature  of  the  X-rays  and  the  various  radio-active  radiations, 
and  ignoring  the  action  o£  the  electric  field  which  always 
accompanies  their  production,  wc  find  Oiat  X-rays  have  a 
very  definite  action  on  the  normal  organi.«m. 

The  nwst  noticeable  is  tJie  action  on  the  skin.  Wc  can 
only  treat  tJiis  matter  very  briefly  here,  referring  ihc  reader 
lor  further  information  to  the  article  by  Oudin  in  Prof. 
Bouchard's  Traite  dc  Radiologie  medicale. 

a.  Prolonged  exposure  to  a  powerful  source  of  X-rays 
produce  a  definite  alteration  of  the  skin,  which  is  known  as 
atlizv  Todiodermalitis.  This  is  particularly  the  case  if  the 
focus-tube  be  a  soft  one  giving  out  rays  of  feeble  penetra- 
tion. Tliis  may  be  termed  the  "coup  dc  solcU"  of  the 
X-rays,  and  may  be  compared  with  the  "coup  de  soldi"  of  the 
electric  arc  lamp  produced  hy  the  chemical  light  rays.  What 
characterises  it  more  especially  is  tlic  sh>wncss  of  the  ap- 
pearance and  evolution  of  the  lesion.  Burns  produced  by 
heat  are  instantaneous,  chemical  rays  produce  lesions  which 
are  progressive,  but  tlie  X-ra>-s  set  up  lesions  which  are 
tardy  in  their  appearance  and  in  tlieir  evolution,  .^cute 
radiodennatitis  commences  witl]  an  erjtliema  which  ap- 
pears from  24  to  36  hours  after  exposure.  After  remaining 
some  days  without  any  painful  sensation,  the  erythema  be- 
comes a  brighter  red  or  violet  colour,  and  first  begins  to  be- 
come painful  in  from  10  to  25  days,  Vesiculfc  filled  with  a 
serous  fluid  make  their  appearance,  and  these  are  followed 
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by  bulbc  and  phlyctenule,  which  break  and  leave  an  ulcer  at 
their  base.  A  special  pigmentation  appears,  which  is  more 
iotcDsc  than  that  caitswJ  by  the  chemical  rays.  At  the  same 
tunc  the  hairs  usually  fall  oS  in  the  irradiated  area,  while 
in  the  surrounding  region,  which  has  been  more  slightly 
irradiated,  the  capillary  papiltx  are  by  no  means  withered, 
but  seem  on  the  contrary  to  be  stimulated,  and  the  hairs 
grow  more  vigorously.  This  stage  of  radiodcrmatitis,  which 
is  a  very  painful  one,  terminates  in  the  formation  of  a  large 
superficial  suppurating  ulcer.  Reparation  may  follow  at 
this  stage,  or  the  wound  may  begin  to  slougfi,  with  the  for- 
mation of  yellow  islands  of  dead  tissue  at  tlic  bottom  of  die 
wound.  At  this  period  the  pain  is  so  severe  as  to  have  an 
injurious  effect  on  the  general  health,  and  the  patient  may 
become  cachectic.  The  sloughs  separate  very  slowly,  and  a 
new  one  may  appear.  Cicatrisation  is  delayed  and  is  ac- 
companied by  the  formation  of  cicatricial  tissue  like  that 
which  follo^^'s  a  severe  bum.  The  later  stages  of  radio- 
dermatitis  somewhat  resembles  the  ulceration  caused  by  the 
actkm  of  the  strong  acids. 

b.  Chronic  radiodermatitit  is  produced  by  frequent  ex- 
^posure  to  a  more  feeble  or  a  more  distant  irradiation.  The 
skin  is  reddened  or  of  a  violet  hue,  the  dennis  becomes 
thidcened  and  less  supple,  the  epidermis  hyperrrophied  arul 
coarse,  and  deep  cracks,  which  defy  all  treatment,  may  make 
their  appearance.  Occasionally  there  is  ank>-tos)s  of  the 
loiats. 

c  Alterations  of  the  general  health  may  accompany  too 
loog  or  too  frequent  exposure  to  the  X-rays, — palpitations, 
cardialgia,  vomiting,  oppression,  and  Ircinbling.  The  more 
penetrating  rays  from  a  hard  tube  have  an  action  on  the 
deeper  organs  and  more  especially  on  the  nervous  centres. 
In  guinea-[ngs,  paraplegia  has  been  produced  by  these 


zsz 


txn  n — CHAPTO  V 


means.  From  the  experiments  of  Lipine  and  BotJud,  it 
was  found  that  guinea-pigs,  exposed  for  long  periods  of 
an  hour  or  more  to  the  X-rays,  lost  weight,  and  this  was  ac- 
companied by  a  diminution  of  gl>'cr)gen  in  the  liver.  This 
increased  deslnidton  of  glycogen  was  confirmed  by  experi- 
ments ill  vitro.  They  exposed  one  half  of  tlic  liver  to  ir- 
radiation, keepmg  the  other  half  for  comparison.  A  con- 
siderable diminution  was  observed  in  the  irradiated  portion. 
This  may  account  for  the  action  of  the  X-rays  on  tumours 
rich  in  glycogerL  {Brault.)  The  X-rays  also  increase 
glycolysis  in  ddibrinated  blood.  Under  their  influence  the 
reducing  action  of  the  pancreas  is  greatly  increased. 
{Li fine  and  Boulud.) 

The  general  symptoms  due  to  the  X-rays  arc  also  pro- 
duced by  the  radiations  from  radio-active  bodies,  but  m  a 
lesser  degree. 

It  would  be  premature  at  the  present  time  to  attempt  any 
explanation  of  the  action  of  the  X-rays  on  the  organism, 
although  the  cause  of  the  physiological  phenomena  arc  to 
be  sought  in  the  domain  of  biological  physics.  In  Ihts  con- 
nection we  may  recall  an  observation  of  Bonner's,  who 
found  that  osmosis  was  retarded  when  the  osmotic  mem- 
brane was  exposed  to  the  X-rays.  An  explanation  may  be 
found  in  the  property  which  the  X-rays  possess  of  discharg- 
ing a  charged  electrified  body.  This  has  a  far-reaching 
effect  on  many  electric  phenomena  which  are  akin  to 
osmosis. 


CHAPTER   VI. 
PHYSIOLOGICAL  ACTION    OP   OZONE. 


351.  General  Considerations. — Ozone  has  a  far-reach- 
ting  action  on  the  organism.     When  present  in  the  air  in 

a  quantity  greater  than  .8  milligrammes  per  litre,  it  produces 
serious  symptoms  and  even  death  from  OMJema  of  ilie  lungs. 
In  a  proportion  not  exceeding  .1   milligrammes  per  litre, 
bozooe  becomes  a  powerful  therapeutic  agent. 

The  question  of  dose  is  therefore  of  the  greatest  impor- 
tance. Unfortunately  the  estimation  of  ozone  is  a  pro- 
cedure which  can  only  be  carried  out  in  the  laboratory.  It 
.depends  on  the  property  which  ozone  possesses  of  decom- 
^posing  potassium  iodide.  The  liberated  iodine  may  be  esti- 
mated by  means  of  hyposulphite  of  soda  in  the  presence  of 
starch.  Another  method  is  to  use  arsenic  actd,  which  is  re- 
duced to  arsenious  acid  by  the  liberated  iodine.  The  deter- 
mination of  tlie  quantity  of  arsenious  acid  before  and  after 
the  passage  of  ozone  through  the  solution  will  give  the 
quantity  of  iodine  liberated. 

U  is  most  important  to  determine  whether  the  ozone  is 
accompanied  by  nitrous  products.  Bordie/s  method  is  to 
shake  up  the  ozonised  air  with  a  solution  of  mrta-phenylene 
diamine,  which  takes  a  brown  colour  with  nitrous  products. 
The  air  may  also  be  shaken  up  with  a  solution  of  potash, 
subsequently  examining  the  solution  for  nitrates  and  nitrites. 
We  shall  proceed  to  the  study  of  the  action  of  ozotM  on 
the  blood,  on  microbes,  and  on  the  higher  animals. 

352.  Action  of  02one  on  the  Blood.— In  the  pulmonary 
alveoli,  the  hauiioglobin  of  the  blood  takes  up  oxygca  from 
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the  ak  and  is  transformed  into  oxj-hamoglohin.  This  oxy- 
tuemoglobiii  carries  the  oxygen  to  the  tissues  and  is  there 
reduced  again  to  h^nnoglotMn.  According  to  Labbi's  ob- 
servations, ozone  augments  the  proportion  of  oxy-tueoio- 
globtn  in  the  blood,  when  the  quantity  is  below  the  normal. 
In  patients  treated  with  ozone  inhalations,  the  number  of 
.the  r«d  blood  globules  increases  with  th«  increase  of  hsemo- 
[globtn,  while  the  number  of  wliilc  cells  decreases. 

Some  autltorities  have  maintained  tliat  this  oxy-hjemo* 

Iglobin  was  changed  b)'  ozone  into  methaemoglobin,  a  more 

'  stable  product,  and  consequently  not  so  well  adapted  ior 

respiration.     Bordier,  operating  in  vitro  on  the  blood  of  a 

idog,  proved  that  this  was  not  the  case.    The  blood  was 

shaken  up  with  133  litres  of  air  containing  83  milligrammes 

of  ozone.     The  bands  of  absorption  due  to  oxy-haanoglobin 

were  well  marked,  while  tliose  due  to  mct-ha^ioglobin  were 

absent. 

Ozone  moreover  augments  the  rapidity  of  reduction  of 
oxy-hxmog)obin  in  the  blood,  Le.,  in  ozonised  animals  the 
oxy-harmoglobin  disappears  more  quickly.  The  experi- 
ments were  made  by  means  of  a  direct  vision  spectroscope. 
TIte  blood  was  observed  through  the  thumb-nail,  the  drcula- 
.tion  of  tlw  thumb  having  bern  previously  impeded  by  a 
ligature.  Labbi  and  Lagrange  have  noticed  an  increase 
in  the  frequency  of  the  pulse,  and  a  rise  of  arterial  pressure, 
following  the  inhalation  of  oxone. 

As  mi}^t  have  been  expected,  the  proponion  of  urea  in 
the  urine  is  augmented,    (Peyrou.) 

The  effects  of  ozone  on  the  organic  interchanges  explain 
the  increase  of  weight  and  appetite  exhibited  by  patients 
treated  with  oxone.  The  experiments  made  tn  vitro  also 
shew  that  we  have  in  ozone  a  powerful  means  of  modifying' 
organic  combustion  and  nutrition.     We  may  now  proceed 
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to  consider  the  local  and  general  effects  of  the  gas  on 
patients  submitted  to  its  action. 

353.  Action  of  Ozone  on  Aniouls. — Bordier's  experi- 
mentE  have  shewn  that  with  a  dose  of  .8  milligrammes  per 
litre,  ozone  may  produce  most  serious  symptoms  on  animals, 
on  birds  and  even  on  man.  In  experiments  on  guinea  pigs, 
after  ten  minutes'  exposure  to  a  current  of  ozoiiiied  air  of 
this  strengtii,  the  animal  begins  to  exhibit  signs  of  restless- 
ness, accompanied  by  cries  of  distress.  After  twenty  min- 
utes the  respirations  are  increased  from  ti6  to  t6o  per 
minute;  the  animals  rubs  its  nose  with  its  paws  as  if  to 
rcmore  some  obstacle  to  respiration,  and  at  the  end  of  30 
'  minutes  death  ensues.  Under  similar  conditions  a  trird 
iiiKXumbed  in  65  minutes  with  the  same  symptoms. 

If  the  inhabtioo  is  stopped  when  Ihe  symptoms  become 
alirming,  and  the  animal  is  »tlbject>.^l  to  the  same  experi- 
ment on  the  following  day,  the  animal  survives  for  a  few 
days  and  then  dies.  A  guinea  pig  weighing  235  grammes, 
died  on  the  third  day  after  inhalations  of  la  minutes  and 
6  minutes  on  two  succeeding  days. 

The  amount  of  ozone  absorbed  by  the  animal  may  be  esti- 
mated by  measuring  the  quantity  which  makes  its  exit  from 
th«  bell  jar  in  which  the  guinea  pig  is  confined,  compared 
with  the  quantity  before  the  animal  is  put  tn.  An  aainial 
'weighing  30S  grammes  was  killed  by  a  total  dose  of  14 
milligrammes  of  ozone,  inhaled  for  ten  minutes.  Tlie  ani- 
mal died  after  an  hour  and  a  half. 

The  post-mortem  appearances  arc  in  all  cases  the  same. 
The  lungs  are  swollen,  of  a  pale  rose  colour,  the  bronchi 
are  filled  with  serotu  froth,  and  the  blood  of  the  larger 
arteries  is  blade  in  colour.  Death  is  due  to  an  acute  oxlema 
of  the  lung,  followed  by  asphyxia. 

If  the  oione  is  diminished  to  .5  milligrammes  per  litre, 
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or  if  (he  duration  of  inhalation  is  climinishe<l>  no  det«teriou» 
result  is  produced.  On  the  contrary,  there  is  sn  alimenta- 
tion of  weight.  Bordier's  expcrimoits  give  .$  milligrammes 
as  the  maximum  dose,  while  Labbi  considers  that  .1  milli- 
gramiiies  sliould  not  be  exceeded. 

It  is  evident  that  we  csnnot  be  too  careful  wlieii  using 
so  potent  a  remedy.  It  is  of  importance  to  ascertain  the 
tnaximimi  output  of  any  apparatus  used  for  the  inhalation 
of  ozone. 

A  large  qnantit>-  of  ozone  is  produced  by  the  high  fre- 
quency cfffetivc.  If  the  room  is  wcli  ventilated  the  percent- 
age of  ozone  will  not  be  raJited  to  any  dangerous  extent, 
and,  tlie  |>atienl  may  benefit  by  it*  presence.  Tile  practi- 
tioner who  parses  long  periods  in  an  ill-ventilated  apart- 
ment may,  however,  he  exposed  to  seTiou-i  brondiitic  irri- 
tation.    In  BordUr'i  case  this  became  most  acute. 

The  room  for  high  frequency  apphcations  should  there- 
fore be  wcU-ventilatcd,  and  the  operator  should  be  careful 
to  leave  the  apartment  during  long  seances.  For  this  pur- 
pose the  electrodes  should  be  mounted  on  insulating  stands 
so  that  the  presence  of  the  operator  is  not  required  during 
the  whole  seance, 

354.  Action  of  Ozone  on  Microbes — Antiseptic  action. 
— Great  hopes  were  founded  on  the  bactericidal  action  of 
ozone,  but  these  hopes  were  doomed  to  disajipolntmcnt. 
Cultures  of  bacteria  arc  delcteriously  influenced  when  ex- 
posed to  air  which  is  ozonised  lo  over  ,05  per  cent,,  but 
even  with  the  maximum  therapeutic  dose  their  vitahty  is 
not  affected.  .According  lo  Lathi's  experiments,  a  current 
of  air  charged  with  10  milligrammes  per  litre  is  not  suffi- 
cient to  arrest  putrefaction  after  it  has  already  commenced. 
Ozone  of  this  concentration  is  hardly  sufficient  to  arrest 
development  when  shaken  up  with  a  bacterial  culture  in 
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bouillon.  On  the  other  hand,  air  containing  2  milligrammes 
of  ozone  per  litre  is  sufficient  to  sterilize  water  which  has 
been  contaminated.  We  may  thus  give  up  the  idea  of  any 
bactericidal  action  in  the  treatment  with  ozone.  The  thera- 
peutic dose,  i.e.,  the  non-poisonous  dose,  is  far  too  small  to 
influence  the  proliferation  of  bacilli.  Ozone-therapy  should 
not  be  employed  to  combat  the  microbic  growth  directly, 
but  to  influence  the  soil  in  which  it  may  develop. 


CHAPTER  Vir. 

THE  PHYSIOLOGICAL  PROPERTIES  OF  MAGNETS^ 
MECHANICAL  APPLICATION  OP  ELECTRIC  ENERGY. 


355.  On  the  Physiological  effect  of  a  Magnetic  Field. — 
When  3  body  is  immersed  iii  a  magnetic  (kid,  the  condi- 
tions of  its  molecular  equilibrium  are  altered.  This  pnenom- 
enon  was  discovered  by  Faraday,  who  demonstrated  the  ro- 
tation of  the  plane  of  polarisation.  D'Arsoni'al  tried  to 
sbeft-  this  molecular  alteration  by  chemical  means.  He 
found  that  alcoholic  fermentation  is  retarded  by  a  magnetic 
field.  The  early  stages  of  embryonic  development  are  also 
affected  by  a  magnetic  field.  (lyArsonvat,  Dubois,  Mich- 
aelis.) 

These  tacts  may  explain  the  action  of  magnets  on  certain 
hysterical  manifestations,  a  therapeutic  result  which  is  gen- 
erally attributed  to  the  effects  of  suggestion.  Suggestion, 
it  is  true,  may  play  a  large  part  in  these  cases,  but  it  may 
coincide  with  and  even  conceal  a  true  physical  therapeutic 
action. 

356  Masso-therapy —  Vibro-therapy  —  Sismo-therapy 
— Mechanotherapy.  —  Electricity  t,s  often  employed  to 
produce  mechanical  massage,  and  the  passive  gymnastics 
of  muscles  and  articulations. 

Mechanical  or  vJbratorir'  massage,  or  sismothenpy.  as  it  ia 
called  by  Jayle  and  Lecroix.  is  of  considerable  use  in  many 
affections.  Vibratory  massage  stimulates  the  circulation 
locally  and  facilitates  the  rcabsorption  of  exudations  and 
extravasations.  It  also  produces  analgesic  effects,  and 
causes  a  reflex  dilatation  of  the  vessds,  which  persists  for 
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some  time  after  the  conclusion  of  a  seance.  Moreover,  by 
reflex  action,  it  causes  an  augmentation  of  the  glandular 
secretion  and  has  apparently  some  action  on  the  general 
health.  We  have  all  noticed  the  physiological  effects  of  a 
journey  by  train,  which  is,  after  all,  but  a  form  of  trepido- 
therapy. 


THIRD  PART. 

MEDICAL   TREATMENT. 

357.  Claiiificatioii. — The  application  of  electricity  in 
its  different  forms  to  purposes  of  diagnosis  and  treatment 
has  of  late  years  become  no  extensive  that  it  has  become 
impossible  any  longer  to  dissociate  electro-diagnosis  and 
radio'diagfnusis  from  the  portion  of  the  work  relating  to 
electro-tlieraiwiiticj. 

Every  day  the  medical  electrician  is  called  upon  to  diag- 
nose new  diseases.  It  is  therefore  convenient  to  treat  elec- 
trical diagnosis  and  electrical  treatment  under  the  same 
heading,  t'is.,  that  of  the  disease  or  group  of  diseases  in- 
volved. 

Moreover  a  chapter  on  electro-diagnosis  or  radio-diag- 
nosis would  be  useless  without  some  reference  to  thera- 
peutics. 

In  the  section  devoted  to  the  nervous  system  will  be  found 
a  separate  chapter  devoted  to  the  study  of  abnormal  reac- 
tions of  the  sensitive  and  neuro-muscular  systems.  Follow- 
ing this,  all  questions  of  electro-diagnosis  or  radio-diagnosis 
will  be  treated  under  ttie  chapter  which  deals  with  eacti 
Mparatc  disease. 


CHAPTER  I. 

THE  NEURO-MUSCULAR  AND  N EURO- SENSITIVE 
SYSTEMS. 

I.    Genetol  Consideratioat. 


358.  Affections  of  th«  ncuro-muscular  system  of  in- 
terest to  the  medical  electrician. — K  wc  consider  (he 
constitution  of  the  ncuro-muscular  system,  and  the  modern 
conception  of  the  neurone,  wc  may  group  the  diseases  of 
this  fystcm  under  the  f6i\ovf'mg  heading*; 

a.  Affections  of  the  muscle  itself  or  of  the  nervous 
mechanism  which  supplies  it,  unaccompanied  by  organic 
lesion  of  the  nerves  or  nerve  centres.  To  tliis  division 
belong  the  different  fomis  of  myopathy. 

b.  Affections  of  the  peripheral  nerves  passing  from  the 
nerve  centres  to  llie  muscles  or  sense  organs,  unaccompanied 
by  lesion  of  the  ner\'c  centres.  To  this  division  belong  the 
various  forms  of  neuritis  and  polyneuritis,  neuralgia,  and 
peripheral  paralysis. 

c.  Lesions  of  the  nerve  cfJitres. 

This  includes  two  divisions,  t.  Lesions  of  the  cerebral 
or  cerebellar  tracts,  more  particularly  the  white  substance 
of  the  cord,  as  in  locomotor  ataxy  and  the  various  fonits 
of  leuko-royelitts. 

3.  Lesions  of  the  grey  substance  of  the  neurone  itself. 
Under  this  heading  wc  may  group  poliomyelitis,  from  lesion 
of  the  cells  of  the  anterior  grey  comua,  bulbar  paralysis 
from  lesion  of  the  corresponding  nuclei  in  the  bulb,  and 
ophtlialmopiegia  from  lesion  of  tlie  nuclei  of  the  pons. 
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The  conducting  fibres,  as  wdt  as  the  grey  matter  of  the 
neurones,  niay  be  involved  by  lesions  due  to  sclerosis,  scute 
inflammation,  traumatism  or  hemorrhage. 

d.  Affections  of  the  nerve  centres  unaccompanied  by 
any  appreciable  lesion.  To  this  division  belonging  the  vari- 
ous forms  of  neurosis  and  psychosis. 

Electro-diagnosis  is  called  for  in  all  cases  where  there 
is  an  atleratioii  of  muscular  contractility,  whether  this  is  a 
consequence  of  the  primary  lesion,  or  is  due  to  neuriti*,  or 
to  injur>-  in  tlie  nerve  centres. 

Electro-therapeutic  treatment  is  useful  in  a  great  variety 
of  cases  sometimes  as  the  principal  treatment,  sometimes 
u  an  adjunct.  In  the  electric  treatment  of  diseases  of  the 
central  nervous  system  the  results  are  often  attributed  to 
suggestion.  It  is  true  that  suggestion  may  contribute  to 
its  success  as  it  docs  in  many  other  modes  of  treatment. 
It  will  be  the  duty  of  the  physician  to  determine  whether  he 
is  justified  in  adopting  a  mode  of  treatment  which  finds 
no  support  in  experimental  physiology  or  therapeutics.  This 
is  a  question  of  ethics,  and  we  only  allude  to  it  here  in 
answer  to  those  who  in  ignorance  of  the  progress  of  bio- 
logical science  are  too  prone  to  condenui  all  electrical 
treatment. 

359.  Diviaions. — We  shall  begin  with  a  study  of  elec- 
tro-diagnosis by  means  of  the  neuro-muscular  reactions. 
This  chapter  will  include  all  neuro-miiscular  affections,  ex- 
cept those  which  are  of  central  origin.  Here  also  we  may 
place  the  description  of  the  motor  points,  a  knowledge  of 
which  is  necessarj-  both  for  diagnosis  and  treatment.  We 
shall  afterwards  proceed  to  the  study  of  each  individual 
disease  in  the  following  order: 

Affections  of  muscles. 

Affections  of  nerves. 

Affectwiu  of  the  nerve  centres. 
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Kcurosos  and  ncrvout  affections  of  which  the  organic 
cause  is  unknown. 


'H.    Blectro<Di>sno>ia  and  Tccfiniqae— Abnonnal  Reactloflft— 
Motor  Poinls. 

36a    Electrical   testing   for   abnormal    muscular   re> 

action. — In  electro-diagnosis,  whatever  be  the  apparatus 

,  emplo)-ed,  we  .should  always  be  able  to  switch  on  the  faradic 

or  galvanic  current  without  detaching  the  handles  we  are 

u&uig. 

The  indifferent  electrode  is  formed  by  a  rectangidar 
metal  plate  covered  with  felt  or  chamois  leatlier.  A 
better  way  is  to  use  a  bare  metal  plate  placed  on  a  layer  of 
absorbent  cotton  wool  enveloped  in  gauze,  A  dean  pad 
may  then  be  used  for  each  patient.  The  indifferent  electrode 
should  be  too  to  30o  square  centimetres  in  area. 

The  exploring  electrode  consists  of  a  pad  2  or  3  centime- 
tres in  diameter  and  should  be  furnished  with  an  intcmiplor 
in  the  handle. 

Proeedurt  for  testing  mujclei  and  nerves  by  the  gtdvanie 
current. 

8.  We  begin  by  comparing  the  resistance  to  the  faradic 
current  on  the  right  and  left  sides  respectively.  A  milliam- 
■  pcremetcr  cannot  be  used  with  a  faradic  current  and  any 
difference  of  reaction  on  the  two  sides  may  be  merely  due 
to  a  difference  of  resistance.  In  order  to  determine  this  we 
may  make  use  of  Bergonift  method  already  described  in 
par.  263. 

b.  The  electrical  source  which  drives  the  coil  should 
vary  as  little  as  possible  doring  the  observation.  Hence 
the  current  from  a  battery  is  not  to  be  recommended.  It 
is  better  to  use  an  accumulator  or  the  supply  from  the 
public  electric  mains.     The  strength  of  the  current  may 
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be  regulated  by  a  rheostat  placed  in  ihc  secondary  circuit. 
When  a  sledge  coil  is  used  the  current  is  regulated  by 
eliding  one  coil  over  tlie  other. 

Procedure  for  testing  muscles  and  nerves  by  the  gali'anie 
current. 

a.  Wc  do  not  require  to  make  a  preliminary  measure- 
ment of  the  resistance,  as  the  current  employed  whilst  com- 
(>aring;  the  reactions  on  the  right  and  left  sides  respectively 
is  measured  by  means  of  a  milliatnperemetcr.  During  the 
examination,  however,  some  idea  of  tlie  comparative  re* 
sistance  on  the  two  sides  may  be  obtained  by  observing 
tlic  position  of  the  contact  point  of  the  potential  reducer 
for  equal  currents.  If  there  is  any  great  difTerence  a 
further  investigation  of  the  relative  resistances  will  be 
necessary. 

b.  The  miiliamperemeter  should  be  very  sensitive,  and 
be  graduated  from  o  to  25  milliampcres  in  tenths  of  a 
milliampere. 

c.  The  current  may  be  graduated  by  a  rheostat,  or  bet- 
ter still,  by  a  potential  reducer  (par.  93),  but  not  by  a  col- 
tector  since  this  increases  the  voltage  too  suddenly. 

d.  The  table  or  wall-tablet  should  carry  a  current  re- 
vcTScr. 

361.  Mode  of  procedure  for  testing  the  reaction  of 
nerves  and  muscles. — The  patient  slujuld  be  placed  in  a 
horizontal  position,  or  in  a  chair  with  tlic  back  well  sup- 
ported. He  should  be  told  to  relax  his  muscles  and  to  rest 
in  a  condition  of  complete  repose. 

The  indifferent  electrode,  previously  well  moistened  with 
wann  water,  should  be  placed  on  the  spine — cither  at  the 
neck,  if  the  upper  part  of  the  body  is  to  be  tcMcd — or  in 
the  lumbar  rt^on,  The  electrode  should  be  applied  to  tlte 
skin  firmly  and  uniformly.    This  may  be  done  by  tlic  iveight 
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of  the  body  or  by  means  oE  an  elastic  bandage.  The  axis 
of  the  electrode  sliout<l  be  Icepi  in  tli«  median  line  during 
the  exploration  of  symmetrical  points.  The  electrode  should 
be  covered  by  a  piece  of  felt  Or  a  serviette,  in  order  to 
protect  the  clothe*. 

The  operator  should  place  himself  near  the  patient  within 
reach  of  the  terminals,  rcvcrscr,  etc.    A  tabic  that  can  be  ^ 
easily  wheeled  up  to  the  patient  is  vcr>'  convenient. 

The  exploring  electrode,  previously  moistened  with  warm 
water,  is  applied  to  the  motor  points  of  the  muscles  and 
nerves  which  arc  to  be  ti-st«l. 

363.  Manipulation  for  the  exploration  of  nerves  and 
muscles. — In  order  to  tcsl  the  muscles  and  ncr\'cs  proper- 
ly, the  exploration  should  be  carried  out  in  a  systematic 
manner. 

1.  We  commence  with  the  fanidic  current,  so  that  the 
tissues  may  not  be  polarised  at  the  beginning  of  the  investi- 
gation. By  tliis  means  we  obtain  at  once  a  general  idea 
of  the  condition  of  the  ncn-e  or  muscle,  for  if  the  faradic 
contractility  is  not  altered,  the  galvanic  contractility  is  prob- 
ably normal.  We  may  also  compare  the  resistance  of  the 
right  and  left  sides  by  means  of  the  telephonic  explorer. 

2.  The  exploring  electrode  should  be  joined  to  the  nega- 
tive pole  of  the  secondary  current.  There  is  no  great  object 
in  comparing  the  actions  of  the  anode  and  cathode.  We  be- 
gin with  the  rheostat  in  its  position  of  maximum  resistince. 

3.  The  strength  of  the  current  is  adjusted  by  gradually 
decreasing  the  resistance  in  the  secondary  circuit  until  the 
limit  of  excitation  is  reached. 

The  resistance  of  the  rheostat  in  ohm*  at  the  moment  of 
contraction  is  then  read  off. 

When  a  sledge  coil  is  used,  the  strength  of  the  current 
is  adjusted  by  sliding  the  secondary  coil  over  the  primary. 
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and  reading  off  the  displaceincnt  of  the  coil  in  millimetr 

The  nwlor  point  is  found  by  trial  and  by  moving  the  cx-^ 
ploring  electrode  about  until  the  exact  position  is  located. 
In  cases  where  only  one  side  is  affected,  the  healthy  side 
should  be  tested  first. 

4.  In  some  cases  it  is  difficult  to  test  a  single  muscle  by 
this  means,  in  consequente  of  the  contractions  of  neighbour- 
ing muscles.     We  may  iheii  have  recourse  to  Duchenne'ti 
method,  which  consists  in  applying  an  electrode  to  either  end 
of  the  muscle  whose  contractility  we  desire  to  test. 

5.  We  next  proceed  to  test  the  muscle  by  means  of  the 
galvanic  current. 

Firstly  we  determine  whether  with  increasing  intensity 
the  muscular  contractions  follow  in  the  normal  physio- 
logical order. 

KCC,  ACC,  AOC,  KOC. 

The  examination  is  begun  with  the  reverser  in  its  usual 
position,  makii^  the  exploring  electrode  negative.  We 
gradually  increase  the  .ilrenglli  of  the  current,  closing  and 
opening  tlie  key  in  the  handle  so  as  to  give  currents  of 
about  two  seconds  duration.  This  is  necessary  in  order  to 
avoid  polarisation  of  the  tissues.  From  time  to  limc  we 
may  reverse  the  current  to  see  if  ACC  will  not  appear  before 
KCC 

At  the  first  contraction  of  the  muscle,  the  strength  of  the 
current  is  read  off. 

For  instance,  in  testing  the  facial  nerve  we  record  aa 
follows: 

KCC 2     milliampcres 

ACC 3-5 

AOC 4-7 

KOC 5-5 
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By  using  the  reverscr  taeli  time  tlwt  wc  alter  the  inten- 
sity o£  the  ciirreiit,  we  obviate  the  necessity  of  making  4 
series  of  experiments  and  bringing  back  the  current  to  zero 
after  each. 

6.  Longitudinal  reaction  of  the  muscle.  With  an  elec- 
trode 2  or  3  centimetres  in  diameter,  Oie  maximum  current 
which  can  be  employed  without  producing  excessive  pain 
or  burning  is  15  milliampcrcs.  If  a  muscle  docs  not  re- 
spond to  this  current,  wc  must  have  recourse  to  the  so- 
called  longlitudina]  reaction.  Wc  place  the  active  electrode 
not  on  the  motor  point,  but  on  the  lower  tendon  of  the 
muscle,  and  proceed  as  before.  The  contraction  of  a  muscle 
which  follows  stimulation  of  its  motor  point  is  indirect,  the 
stimulus  passing  along  the  nerve  filaments.  Wlien,  how- 
ever, a  muscle  no  longer  responds  to  excitation  of  its  motor 
point,  we  may  still  produce  direct  contraction  by  exciting 
the  tendon. 

The  determination  of  the  longitudinal  reaction  is  the 
complement  of  the  galvanic  test,  just  as  Dutkej\ne's  bipolar 
method  is  the  complement  of  the  faradic  test. 

363.  Motor  Points. — At  the  end  of  this  work  will  be 
found  charu  of  the  motor  points  according  to  the  researches 
of  EichhoTft  and  dt  Cattex.    In  each  region  we  give  all  the 

notor  points,  to  whatever  nerve  trunk  they  may  belong, 
ach  muscular  group  supplied  by  lite  same  nerve  is  indicated 
by  a  different  colour  or  sign.  We  thus  see  at  a  glance  all 
the  motor  poiniiJ  in  a  given  le^oii — ^those  we  desire  to  stim- 
ulate and  tl>ose  we  wisli  to  avoid.  At  the  same  time  we  can 
see  clearly  all  the  motor  points  of  a  given  ncr\-c  trunk  which 
we  are  desirous  of  testing.  Whenever  a  nerve  has  a  super- 
ficial course  which  is  accessible  for  stimulation,  it  is 
dra\vn  with  a  dotted  line. 

364.  Nerves  of  sensation.— The  reader  will  also  find 


KIVCO-MV'SCVLAa  AND  KEUKO'fttKSITI\'E  inttUi 


309 


the  points  to  be  selected  and  the  technique  to  be  followed 
in  the  electrical  testing  of  a  nerve  or  muscle.  We  may  now 
proceed  to  discuss  the  theory  of  electrical  testing. 
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I.    In  what  way  a  muscle  contracts  when  it  does  not 
respond  to  electrical  stimulus  in  a  normal  manner. 
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2.  The  pathological  significance  of  anomalous  cxmtraction 
and  how  these  anoiiialici  are  grouped  in  each  disease 

We  shall  first  consider  anomalies  of  faradic  contractility, 
consisting  of  slowness  of  contraction,  the  inversion  of  the 
norma!  formula  KCC  >  ACC  >  AOC  >  KOC,  and  the  dis- 
placement of  the  motor  point  in  the  so-called  longitudinal 
reaction.     (372.) 

The  groupings  of  these  anomalies  constitutes  an  etcclric 
syndromt  or  symptoro-eomplcx,  the  most  important  of  which 
is  the  reaction  of  degeneration,  which  is  usually  indicated 
by  the  letters  DR. 

366.  Anomalies  of  faradic  contraction. — Some  authors 
attach  importance  to  the  position  of  the  pole  when  using 
the  faradic  current,  whether  the  positive  or  negative  pole 
of  the  induced  current  is  attached  to  the  exploring  electrode. 
This  is  not,  however,  of  much  iniportance  from  a  practical 
point  of  view. 

There  arc  two  principal  anomalies  of  faradic  contraction- 

1.  Faradic  hjporexcitability.  Tliis  occurs  in  most  cases 
where  there  is  exa^:eration  of  the  tendon  reflexes.  Thus  it 
is  met  with  in  tetanus,  recent  cases  of  cerebral  paralysis, 
hemidiorea,  athetosis  and  in  writer's  cramp. 

2.  Faradic  hypoexcitability.  This  is  usually  accompan- 
ied by  rapid  fatigue  of  tlie  muscles,  which  after  repeated 
faradic  stimulation  soon  fail  to  react,  unless  the  intensity 
of  the  current  is  increased.     (Reaction  of  exhaustion.) 

This  anomaly  occurs  in  chronic  cases  of  cerebral  paraly- 
sis, long  standing  tibes,  ami  primary  niyojialhy  where  it  is 
associated  with  galvanic  hypoexcitability.  It  is  found  also 
in  diseases  which  present  the  symptom-complex  DR,  in 
which  the  faradic  and  galvanic  reactions  do  not  correspond, 
the  former  being  exaggerated  while  the  latter  may  be  absent. 

367.  Qtiantitative  anomalies  of  galvanic  contractility. 
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—Slowness  of  contraction. — ^The  quantitative  anomalies 
o(  galvanic  contractility  arc  of  much  ICifs  importance  than 
the  fonn  of  tlic  contraction,  and  the  order  in  whicli  the  con- 
tractions appear. 

1.  Galvanic  hyper-exdtabilit>-  Is  met  with  in  all  caMC-l 
where  the  tendinous  reflexes  are  exaggerated.    It  is  wsaaMf^ 
accompanied  by  faradic  hyper-excitability,  but  it  may  per- 
sist after  faradic  excitability  has  been  abolished,  as  in  the 
reaction  of  degeneration. 

2.  Galvanic  hypo-excitability.  This  is  met  with  in  most 
cases  where  faradic  excitability  is  diminished  or  abolished. 
It  is  characteristic  of  the  last  stage  of  ncrt'e  and  muscle  de- 
generation. 

Slowness  of  contraction  is  an  important  sign  in  electro- 
diagnosis.  The  "lo$t  time"  which  is  usually  inappreciable 
is  greatly  increased  and  the  curves  of  ascen.sion  and  descent 
are  slow  and  drawn  out. 

368.  Anomalies  in  the  order  of  the  contractions.—  ! 
Total  or  partial  inversion— Rich's  reaction. — llic  physio- j 
logical  order  of  muscular  contraction  is 

KCC  >  ACC  >  AOC  >  KOC, 

there  being  a  considerable  interval  between  ACC  and  AOC 
In  certain  pathological  conditions  this  order  is  altered. 

a.  The  anodal  closure  contraction  may  precede  the  catho- 
dal,closure  contraction. 

ACC  >  KCC  >  AOC  >  KOC 

This  is  called  partial  inversion  of  the  physiological  formula. ' 

b.  Total  inversion  has  the  formula 

ACC  >  KCC  >  KOC  >  AOC 

c.  In  some  cases  there  is  merely  an  approach  of  ACC  to 
AOC,  both  contractions  occurring  with  the  same  intensit/ 
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of  current,  or  ttic  order  may  even  be  reversed.    Ttus,  which 
is  called  Rich's  reaction,  has  the  formula 

KCC  >  ACC  "5  AOC  >  KOC 

The  above  arc  briefly  the  anomalies  of  electro-diagnosis 
which  have  given  rise  to  so  much  discu&sion. 

Tile  explanation  of  (|uaiititativc  alterations  of  faradic  and 
galvanic  excitability  arc  com.parativcly  easy.  The  phenom- 
ena of  inversion,  on  the  contrary,  arc  somewhat  difficult 
to  observe,  and  their  inteipretation  is  a  problem  of  the 
greatest  difficulty — so  much  so  that  some  authors  have  con> 
tested  their  value  and  even  ilenied  their  existence. 

Recent  investigations,  however,  among  thetii  those  of 
Cluset,  have  demonstrated  the  reality  and  the  importance; 
of  these  phenomena.  Panial  or  total  inversion  of  the  physio- 
logical fonnula  is  part  of  the  symptom-complex  known  as 
the  reaction  of  degeneration.  It  varies  with  the  degree  and 
the  stage  of  evolution  of  the  lesion,  and  must  therefore  be 
carefully  studied  by  the  medical  electrician. 

369.  Inversion  of  the  physiological  fonnula — Inter- 
pretation.— In  their  normal  condition,  unstripcd  muscles, 
instead  of  presenting  the  ordinary  sequence  KC,  AC.  AO. 
KO  as  the  current  is  increased,  begin  to  contract  witli  closure 
of  the  anodat  current  AC.  They  thus  exhibit  an  inversion 
of  the  normal  physiological  formula.  This  inversion,  how- 
ever, is  more  apparent  than  real.  Biedcrmann  has  shewn  {hat 
it  depends  on  the  formation  uf  a  virtual  cathode  in  the 
region  around  the  anode.  When  a  small  cathode  is  used 
to  stimulate  the  circular  fibres  of  the  intesliiies,  a  slight  ele- 
vation occurs  immediately  beneath  it.  whilst  the  zone  around 
the  cathode  remains  flat  an<l  shows  no  sign  of  contraction. 
At  the  anode,  on  the  contrary,  the  polar  lone  remains  inert, 
whilst  the  |>eripoIar  tissue  forms  a  circular  swelling  due 
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to  contraction.  Tliiii  is  so  mariced  that  tlie  small  central 
depression  is  frequently  overlooked. 

Tile  labours  of  H'iener,  May  and  Clujsel  seem  to  shew 
that  in  the  case  of  striated  muscles  also,  the  inversion  is 
more  apparent  than  real,  whether  the  stimulation  is  applied 
to  the  motor  point  or  along  the  course  of  tlic  motor  nerve. 
The  pathological  inversion  is  due  to  the  fact  that  there  is 
an  area  of  decreased  cxcitabilitj-  under  tlic  exploring  elec- 
trode when  compared  with  the  normal  excitability  of  the 
surrounding  zone.  The  peripolar  zone  plays  the  part  of  an 
anode  in  relation  to  the  polar  area  under  the  cathode.  On 
the  other  hand,  when  the  polar  area  is  an  anode,  llie  peri- 
polar rc^on  constitutes  a  cathode. 

We  sliall  now  proceed  to  consider  separately  the  question 
of  inversion  affecting  the  ner\-e  and  inversion  affecting  the 
muscle. 

370.  Explanation  of  inversion  affecting  the  nerves. — 
In  practice,  inversion  affecting  the  nerves  is  but  rarely 
observed,  since  in  the  progress  of  any  disease  its  duratktn 
is  very  brief,     {Cluset.) 

It  is,  however,  very  easy  to  produce  it  experimentally. 
The  sciatic  nerve  of  a  frog  is  divided,  and  the  indifferent 
electrode  is  placed  at  the  lower  extremity  of  the  limb,  while 
the  active  electrode  is  placed  just  below  the  point  of  ac- 
tion. Inversion  may  be  observed  soon  after  the  section  of 
the  nerve.  The  following  is  Clusel's  explanation  of  ihe 
phenomenon:  "Immediately  after  section,  the  excitability 
rof  the  part  of  the  nerve  which  has  been  injured  is  increased, 
^but  it  speedily  becomes  less  than  that  of  the  part  nearer 
to  the  muscle,  whkh  has  not  been  injured.  An  ascending 
current  soon  ceases  to  produce  contraction.  This  may  be 
due  to  deficient  reaction  of  an.  hypcr-cxcitablc  region  to  the 
stimulus,  or  it  may  be  due  to  an  arrest  of  the  stimuulaltoa 


814 


PJktt  m— CtiAPm  I 


due  to  el«ctrotonus.  Tlie  descending  current  on  the  other 
hand  produces  contraction,  not  so  much  by  stimulatimi  at 
the  point  of  entry  near  the  cut  end  of  the  nerve,  as  by  excita- 
tion at  the  points  of  exit  which  are  hypcr-excitablc. 

"The  reason  that  a  feeble  current  no  longer  products 
contraction,  is  because  the  lower  portion  of  ihc  nerve  is 
more  irritable  than  the  upper  part.  If  during  KC  the  active 
electrode  jihould  siinnilate  tlie  cut  end  of  the  nerve  in  spite 
of  its  hypo-excitability,  the  stimulus  will  be  arrested  by  an 
electrotonus  of  the  lower  portion  of  the  nerve. 

"If,  on  the  contrary,  a  contraction  follows  AC,  it  is  be- 
cause die  stimulus  is  given,  not  to  the  hypo-excitahlc  cut 
end  of  the  nerve,  tmt  lower  down  to  the  hyper-excitable 
portion,  which  is  in  fact  a  virtual  cathode. 

"Tlie  inversion  of  the  law  of  coiilraclion  is  thus  seen  to 
be  dependent  in  part  on  modifications  of  excitabiUty  due 
to  electrotonic  action.  All  the  anomalous  phenomena  may 
be  explained  by  differences  of  excitability  in  different  por- 
tions of  the  nerve.  It  may  be  remarked  that  in  n)cdiatc 
excitation  with  the  ncr^'c  in  situ,  inversion  may  not  occur 
after  section  of  the  nerve,  whereas  it  appears  at  once  when 
the  electrode  is  applied  to  the  nerve  itself. 

"Tlie  difference  of  excitability  between  the  injured  and 
the  uninjured  portion  of  the  nerve  is  not  sufficient  to  cause 
inversion  when  ttic  excitation  is  mediate.  With  mcd'ate  ex- 
citation tlie  current  is  diminished  by  its  diffusion  tlirough 
the  tissues. 

"Inversion  is  but  rarely  noticed  in  practice,  either  because 
the  difference  of  excitability  is  very  evanescent,  or  because 
the  position  given  to  the  electrodes  is  not  suitable,  or  because 
the  differences  of  excitability  are  compensated  by  variationt' 
in  the  demity  of  the  current." 

371.    Explanation  of  inversion  in  the  cas«  of  muscles. 
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— The  obscrvalions  of  Wiener  tend  to  sh«w  that  the  phe- 
nomena of  inversion  observed  in  a  degenerating  muscle  may 
be  explained  in  the  same  way  as  those  of  the  nerve.  liis  ex- 
periments were  made  on  muscles  artiliciaUy  affected  in 
cofuequence  of  the  IVaiUrian  degeneration  of  their  nerve 
supply.  By  employii^  a  very  small  unpolarisablc  electrode 
applied  to  the  muscle,  he  shewed  that  the  opttmitm  imiiit 
of  excitation  was  not  as  it  should  be  nonnally,  at  the  point 
of  entry  of  the  nerve  supply,  but  at  cither  extremity  of  the 
muscle.  Thus  when  tiic  active  cathode  i»  applied  to  the 
motor  point  it  occu[nes  a  r<^on  of  lessened  excitabihty 
when  compared  with  the  mmmnding  area.  The  question 
of  inversion  tlicn  resolves  itself  into  tJiis:  is  the  stimulus 
at  tlie  pole  produced  by  the  active  cathode  in  a  hypo-excita- 
blc  area,  where  the  line*  of  flux  arc  concentrated,  greater 
or  less  than  the  excitation  produced  in  tltc  peripolar  zone 
by  a  virtual  cathode,  in  a  more  excitable  area,  where  the 
lines  of  flux  are  less  dense.  In  one  case  there  will  be  no 
inversion  because  the  polar  phenomena  will  be  in  the  as- 
cendance, and  KC  contraction  from  the  active  cathode  will 
occur.  In  the  second  ease  there  will  be  inversion,  since 
the  peripolar  phenomena  will  predominate,  and  contraction 
due  to  a  virtual  peripolar  cathode  will  result  in  making  the 
active  electrode  an  anode. 

May's  observations  slivw  that  a  degenerating  muscle  re- 
acts in  this  respect  exactly  like  the  uiistriped  muscles  in 
Biedermann's  experiments.     (369,) 

The  recent  researdies  of  Mile.  Joleyko  explain  how  the 
process  of  degeneration  may  cause  a  striated  muscle  to 
resemble  an  unstriated  one  in  this  respect.  There  are  two 
distinct  contractile  substances  in  each  muscular  fibre,  the 
dark  discs  and  the  non-difl^ereiitiatcd  sarcoplasm.  wliich  con- 
tracts more  sloivly.    Degenerating  muscle  shews  a  marked 
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diminutioD  of  the  Bbrillary  substance,  and  a  considerable  in- 
crease of  the  sarcoplasm.  In  the  course  of  degeneration 
the  muscle  tlierefore  acquires  the  morphological  characters 
of  unstriped  muscle.  This  will  uiptain  the  abolition  of 
faradic  contractility,  the  slowness  of  galvanic  contraction, 
and  the  phenomenon  of  inversion. 

372.  Displacement  of  the  motor  point. — Longitudinal 
reaction. — As  degeneration  progresses,  the  optimum 
point  of  exdtaiion  is  displaced  towards  the  excentric  ex< 
tremity  of  the  muscle. 

This  phenomenon  is  related  to  that  of  inversion.  As  the 
excitabilit>*  at  the  motor  point  decreases,  the  stimulation 
en  masse  of  the  whole  nmscle  overshadows  the  excitation 
at  the  motor  point.  The  best  means  of  acting  on  the  whole 
mass  oE  a  muscle  is  to  cause  the  lines  of  flux  to  pass 
through  the  entire  length  of  the  muscle.  Longitudinal 
reaction  therefore  is  a  sign  of  advanced  degeneration, 

37J.  The  manner  tn  which  these  symptoms  are 
grouped  in  disease. — Mitherto  wc  have  studied  a  number 
of  abnormal  reactions  in  diseased  organs,  faradic  hyper-  and 
hj-po-excitability,  galvanic  hyper-  and  hypo-excitability,  in- 
version of  the  normal  formub,  and  longitudinal  reaction. 

We  have  moreover  endeavoured  to  form  some  notion  of 
the  meaning  of  eadi  of  these  anomalous  reactions. 

It  remains  for  us  to  see  in  what  way  they  are  grouped 
in  disease. 

Some  of  ttie  modes  of  grouping  are  simple  enougli. 

Both  faradic  and  galvanic  excitability  are  usually  increased 
in  those  diseases  where  the  tendon  reflexes  arc  exagger- 
ated, as  in  tetanus  ai>d  hysterical  paralysis.  This  connec- 
tion is,  however,  not  universal  since  there  may  be  increased 
excitability  in  diseases  such  as  tabes,  where  the  reflexes 
«re  totaUif  atwUsbcd.    Moreover  wc  find  decreased  faradic 
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And  galvanic  excitability  in  essential  myo^thy  and  long- 
standing  cerebral  paralysis. 

In  Thomson's  disease  tnc  anomalies  of  reaction  are 
grouped  in  a  more  complicated  manner  in  the  so-called 
myotonic  reaction  of  Erb.  The  myotonic  syndrome  i« 
characterised  by  normal  excitability  of  the  ner%'e,  with  gal- 
vanic and  faradic  hyper-excitability  of  the  muscle,  accom- 
panied by  partial  inversion,  ACC  >  or  =  KCC.  The  muscu- 
lar contractions  are  sluggish,  tonic  and  prolonged,  and  per- 
sist for  some  time  after  excitation. 

But  of  all  the  groups  the  most  important  in  electro-diag- 
nosis is  the  so-called  "reaction  of  degeneration,"  or  rather 
the  "syndrome  of  degeneration,"  which  is  usually  expressed 
by  the  abbreviation  DR. 

374.  Reaction  of  degeneration. — Syndrome  of  degen- 
eration, DR — The  symptom-complex  of  degeneration, 
DR,  is  composed  of  a  group  of  anomalous  reactions  which 
are  associated  with  well  known  morbid  conditions.  These 
anomalous  reactions  moreover  varj-  with  the  stages  of  evo- 
lution of  the  morbid  process. 

The  expression  syndrome  of  degeneration  is  preferable  to 
that  of  reaction  of  d^enenition,  since  DR  denotes  an  as- 
semblage of  abnormal  reactions.  Since  the  abbreviation  DR 
is  well  understood,  it  may  be  retained,  remembering  tliat 
it  is  not  a  single  abnormal  reaction,  but  a  reaction-complex, 
or  rather  the  mode  in  which  the  organism  reacts  to  different 
forms  of  electrical  stimulation.  It  is  called  in  Germany 
EaR  {EHlortun^s  reaclion). 

The  following  is  the  sequence  of  the  phenomenon  which 
characterise  DR  in  the  successive  phases  of  degeneration, 
for  example  the  iVaHeriat%  degeneration  occurring  in  a 
nerve  and  tlie  muscles  it  supplies,  after  section  of  tlie  nerve 
trunk. 
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The  following  plicnomcna  follow  section  of  the  nerve: 
For  the  nerves. — The  excitability  for  both  galvanic  and 
faradic  currents  increases  for  the  first  three  days.  Siibse* 
quently  it  diminishes  gradually  until  the  normal  is  reached 
in  five  days,  and  continues  to  decrease  until  tlie  tenth  day, 
when  it  entirely  disappears. 

For  the  muscles. — T!ic  faradic  cxcitabih'ty  diminisbea  reg- 
ularly until  it  entirely  disappears  at  tlie  end  of  the  second 
week. 

The  galvanic  excitability  diminishes  during  the  first  we^, 
then  increases  till  it  exceeds  the  normal  in  the  course  of 
tlie  second  week,  and  persists  in  an  exaggerated  state  after 
all  other  reaciimis  have  been  abolished.  At  this  ntage  the 
muscular  contractions  become  sluggish,  and  we  get  mechan- 
ical exdlability.  At  the  end  of  the  second  week  phenomena 
of  inversion  begin  to  appear.  ACC  occurs  before  KCC.  and 
shortly  afterwards  KOC  occurs  before  AOC,  when  the 
inversion  is  complete. 

This  stage  may  last  for  several  weeks.  In  the  nerve 
there  is  total  abolition  of  faradic  excitabilitj-,  accompanied 
by  galvanic  hyper-excitability  and  complete  Inversion  of  the 
ROnnal  formula. 

Lastly  the  galvanic  excitability  diminishes.  Fint  we  are 
unable  to  obtain  AOC.  and  then  KOC  and  KCC  success- 
ively disappear,  ACC  alone  remaining,  .^t  the  same  time 
the  longitudinal  reaction  can  be  easily  obtained  with  a 
weaker  current  than  that  which  wilt  provoke  ACC  at  the 
Rtotor  point. 

In  the  latest  stage  ACC  ceases  and  finally  the  longitudinal 
reaction  disappears. 

Fig  67,  i>age  318a,  indicates  the  course  of  OR  in  its  differ- 
ent stages. 

It  shows  at  a  glance  at  any  given  period  the  symptoms 
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composing  the  syndrome.  TIjus  at  the  3d  day  there  is 
for  the  nerve  hyper-excitability  to  both  currents,  and  the 
re\-erse  for  the  muscle.    This  is  the  first  phase  of  DR. 

At  the  8lh  day  there  is  hypo-cxcitabitiiy  for  both  nerve 
and  muscle,  more  especially  to  the  faradtc  current.  .This  is 
the  second  phase  of  DR. 

At  the  lotb  or  12th  day  the  excitability  of  the  nerve  is 
abolished.  For  the  muscle,  the  faiadic  excitability  ft  aftnost 
ab(^isbcd,  whereas  the  galvanic  excitability  is  increased,  and 
there  is  commencing  inversion  of  the  nonnal  formula. 

Tliis  is  the  third  phase  of  DR. 

Finally  we  reach  the  stage  of  cotnplcte  DR.  The  muscle 
sk>ne  reacts  to  a  stimulus,  but  it  reacts  in  an  abnormal 
maimer,  the  contraction  is  sluggish  and  the  inversion  is  com- 
plete. 

In  the  final  stage  we  liavc  longitudinal  reaction,  and  grad- 
ual decrease  and  loss  of  exctt<ibilit>'  at  the  motor  points. 

375.  Pathological  meaning  of  DR. — DR  is  met  with 
in  diseases  such  as  polyoniyclitis  anterior,  bulbar  paralysis, 
and  ophthalmoplegia,  where  tlie  anterior  comua  or  tlie 
nuclei  in  ttie  pons  and  medulla  are  affected.  It  also  occurs 
in  neuritis  and  polyneuritis,  where  the  nerve  itself  is  pri- 
marily affected.  Later  on  we  shall  be  able  to  study  the 
particular  variety  of  the  syndrome  under  each  disease.  Its 
value  as  a  prognostic  sign  is  very  variable  in  dififerent 
cases. 

DR  is  not  found  in  es^ntial  myopathy,  or  in  cerebral  dis- 
eases where  the  anterior  comua  or  the  bulbar  nuclei  are  un- 
affected. 

lU.    Electrical  Diagnoaia  and  Treatment 

A.    Diseasbs  of  Mt;scLEs. 

Frunarjr    roy(>pA(hy— Atrophy    caused  by  surgical    or  arttCdlar 

t  rau  mu  ti  sm — mj-AlKia— 1  um  ban  O— muscular  (  heunutisin. 

376.  Primary  myopathy. — Primary     myopathics,    i.c, 
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musculaT  affections  which  arc  not  due  to  any  apparent  lesion 
of  the  nervous  system,  arc  of  two  principal  types, 

1.  Pscutlo-hypcrtrophic  paralysis  {Duchenne's  disease) 
occurs  ia  early  infancy,  commencing  with  the  lower  limbs. 
It  is  characterised  by  an  apparent  hypertrophy  of  the  mus- 
cles, but  the  contractile  element  of  the  muscular  fibre  is  in 
reality  atrophied.  It  is  the  hyperplasia  of  the  interstitial 
connective  tisme  that  gives  to  the  diild  an  appearance  of 
strength  in  .striking  contrast  with  its  feeble  powers  of 
progression. 

2.  Progressive  atrophic  myopathy  {Landousy-Dejerine) 
is  a  disease  which  occurs  in  the  second  childhood  of  old 
age.  It  begins  in  the  face,  and  is  often  confined  to  that 
region.  Later  on  it  may  invade  the  muscles  of  the  shoulders, 
the  arms  and  the  leg?. 

Somcltmcs  the  atrophy  be^ns  in  the  lower  Itmbs.  {Ley- 
dcM-Moebius.)  The  type  described  by  Cltarcot-Marie  is 
probably  due  to  a  lesion  of  the  central  nervous  system. 

Electro-diagttosis.~\n  all  cases  of  primary  myopathy  there 
is  an  absence  of  DR.  (374.)  -An  apparent  exception  is  the 
Charcol-Marie  type,  but  this  is,  as  we  have  said,  probably 
due  to  a  central  lesion. 

In  all  cases  there  is  diminution  of  faradic  exdtatHlity, 
{DHchenn^s  reaction)  and  of  galvanic  excitability.  In  ad- 
vanced cases  tlierc  may  be  a  complete  absence  of  all  ex- 
citability. 

At  the  commencement  of  the  examination  the  h_vpo-cx- 
cttabiltty  may  not  be  very  marked,  but  tlic  muscles  speedily 
shew  the  reaction  of  fatigue.     (366.) 

Eltclro-tkerapeutic  treatment. — The  aim  of  the  physician 
is  to  combat  the  atropliy  of  the  muscle  by  exercise.  This  is 
best  done  by  rhytlimic  galvano-faradisation  as  described  in^ 
par.  313. 


The  classic  treatment  for  all  cases  of  muscular  atrophy 
is  massage,  but  in  this  disease  it  is  of  doubtful  utility.  It 
is  the  contraction  of  the  muscular  librillx  lliat  stimulates 
the  nutrition  of  muscle,  and  massage  is  powerless  to  cause 
this  contraction. 

Rhythmic  gaivano-fantdisaiion.  ThU  consists  of  a  con- 
tjnuou.*  galvanic  current  with  a  coil  and  metronome  placed 
in  series  in  the  circuit,  instead  of  a  melronomc  Bergoni^t 
rbythmic  intcrruptor  may  be  used.  Tliis  enables  us  to  vary 
the  current  gradually  so  as  to  imitate  the  physiological  con- 
traction of  the  muscle. 

PrOcedurf.-~The  indifferent  electrode  should  be  applied 
to  tlie  back,  either  at  the  nape  of  the  neck  or  in  the  lumbar 
region.  The  active  electrode,  a  pad  about  4  an.  in  diameter, 
should  be  connected  to  the  negative  pole  of  the  battery.  This 
should  be  applied  to  each  motor  point  for  about  two  minutes, 
the  current  being  adjusted  by  trial  until  an  appreciable  re- 
action is  obtained. 

The  treatment  should  be  repeated  every  day  or  everj-  other 
day. 

A  large  induction  coil  giving  a  strong  current  at  a  low 
potential  should  be  chosen  and  tlie  interruptions  should  not 
be  too  rapid. 

Alternative  electric  treatment. — If  no  contraction  can  be 
obtained  with  tlie  galvano-faradic  current,  the  variable 
period  of  opening  and  closure  of  a  continuous  current  may 
be  utilised. 

The  current  is  rendered  intermittent  by  means  of  a  metro- 
nome or  some  other  form  of  interruption.  A  very  excellent 
method  advised  by  Bordier  is  to  alter  the  direction  by  means 
of  3  current  rcverser  mounted  on  a  motor  making  40  revolu- 
tions per  second,  interrupting  the  current  SO  obtained  by 
the  ordinary  metronome  deii-ice, 
21 
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If  neith«r  of  these  instruments  is  available,  the  faradic 
current  may  be  applied  rhj-thmkally,  keeping  on  tbc  current 
just  long  enough  to  produce  sustained  contraction  without 
causing  fatigue.  This  may  be  repeated  again  and  again 
by  the  ordinary  metronome  device. 

Some  authorities  recommend  the  continuous  current, 
using  an  arm-bath  or  foot-bath  for  the  cathode,  and  a  large 
dorsal  electrode  for  the  aufnle.  From  15  to  20  milliamperes 
may  be  given  with  a  duration  of  10  minutes.  For  tlic  face, 
5  to  8  milhamperes  is  sufficient.  {CtuUx.)  Others  recom- 
mend the  electric  bath  witli  unusoidal  current.  Stances 
should  be  given  tlircc  times  a  week,  the  duration  being  10 
to  20  minutes, 

Vt'c  can  only  hope  to  delay  ihc  atrophy  of  the  muscles  by 
the  use  of  any  of  these  meiliml,*. 

377.  Muscular  atrophy  of  traumatic  origin. — Muscu- 
lar atrophy  often  follows  contusions,  wounds,  or  fractures. 
In  mme  cases  injury  to  the  nerve  may  contribute  to  the 
muscular  atrophy. 

Injury  to  the  articulations  may  also  cause  atrophy  of  cer- 
tain muscles.  For  instance  atrophy  of  the  deltoid  frequently 
follows  injury  to  the  shoulder,  and  we  may  meet  with 
atrophy  of  the  triceps  in  injury  to  the  elbow,  of  the  quad- 
riceps in  injury  to  the  knee,  and  of  the  tibialis  amicus  in 
injury  to  the  ankle.  Fulfiian  and  other  authors  attribute 
the  atrophy  to  a  reflex  action  on  the  trophic  centres  of  the 
cord. 

EUetro-diagnosis. — fn  these  cases  we  get  hypo-excitabil- 
ity to  both  the  faradic  and  galvanic  currents.  DR  is  not 
found  unless  there  is  an  injury  to  the  nerve.  If  the  cause 
is  rcmOT'ed  and  the  atrophy  is  in  its  early  stage,  a  fortniglit'* 
treatment  should  suffice  wliere  only  a  slight  degree  of  fara- 
dic hypo-cxciubility  exists.    On  the  other  hand,  where  there 
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IS  marked  hypo-«xcitabUity  many  months  of  treatment  may 
be  required. 

When  the  atrophy  is  due  to  an  injtir>-  of  the  joint,  a  radio- 
tcopic  examination  should  be  made. 

EUctro-theraptttlics. — Tliese  cases  should  be  treated  by 
faradisation,  or  better  still,  by  rhythmic  gal vano- faradisation 
of  the  affected  muscles.  Cases  due  to  articular  injury 
should  in  addition  be  treated  by  the  galvanic  current. 

Procedure. — Faradisation  or  galvano- faradisation  may  bo 
carried  out  in  the  manner  described  for  primitive  myopathy 
(376.)  The  duration  should  be  longer,  2  to  5  minutes  for 
each  muscle. — Galvanisation:  A  large  anode  should  be 
placed  on  the  neck  or  the  lumbar  region  and  a  large  cathode, 
50  to  150  square  centimetres,  i>liouId  be  placed  at  the  lower 
end  of  the  affected  muscles.  A  current  of  8  to  12  milli- 
amperes  should  be  applied  for  5  to  10  minutes  every  day 
or  ever>-  alternate  day. 

The  muscle  should  also  be  exercised  by  mechanical  means, 
taking  care  not  to  injure  the  articulation. 

Tltc  result  is  generally  satisfactory  after  treatment  vary- 
ing from  a  forlntgltt  to  three  months. 

378.  Paralysis  of  the  peroneus  longus — Flat  foo^— 
HoUow  foot. — Paralysis  of  the  peroneus  longus  merits 
especial  mention,  since  it  is  the  cause  of  painful  flat  foot 
{Duckcnne  de  Boulogne.} 

When  fiat  foot  is  due  to  this  cause,  the  pcronci  may  be 
treated  by  rhytlimic  faradisation  or  by  rhythmic  galvano- 
faradisation.    (376.) 

This  may  be  followed  by  galvanisation,  using  a  large 
anode  on  the  lumbar  region,  and  a  targe  calliode  or  a  foot- 
bath to  the  foot.  A  seance  of  6  minutes  should  be  given 
every  other  day,  usmg  a  current  of  8  to  13  miUiamperes. 
The  limb  should  be  kept  at  rest. 
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The  same  treatment  may  be  adopted  for  the  hollow  daw- 
like foot,  where  the  muscles  of  the  calf  and  the  flexors  of  _ 
the  toe  are  affected.  | 

379.  Myalgia — Lumbago—  Torticollis  —  Pieurodjmia 
— Muscular  Rheumativn. — 'Hie  myalgias  are  pains  du< 
to  muscular  rheumatism.  Lumbago  is  a  myalgia  localised 
ill  the  Iumt>ar  region  and  torticollis  is  a  myalgia  of  the  cerJ 
vical  region,  involving  the  trapezius  and  sterno-mastoid 
muscles. 

Electro-diagnosis.    This  will  be  called  for  only  in 
atrophic  forms,  as  in  the  case  of  scapular  atrophy,  where 
may  enable  us  to  estimate  the  severity  of  the  accompany-^ 
ing  lesions  due  to  myositis  or  neuritis. 

Eteclro'lheropeutics.  All  myalgias  of  whatever  kind, 
es(>ecially  those  in  an  early  stage,  should  be  treated  by  gal- 
vanisation. 

In  tlie  local  treatment  of  this  affection,  tlie  transport  oS 
medicinal  ions  into  the  tissues  by  means  of  the  galvanic 
current  is  coming  more  and  more  into  use.     Faradisation 
or  better  still,  gal vaiio- faradisation,  may  be  used  to  reli< 
pain,  and   to  combat   tlie  atrophy  which   follows.     Thes 
cases  may  also  be  treated  by  tlie  sinusoidal  current,   h% 
static  electricity,  or  by  high  frequency.    The  following 
lh«  directions  for  treatment  in  each  case. 

Lumbago,  l.  A  continuous  current  is  to  be  applied 
means  of  a  large  anode  100  sq.  cm.  on  the  painful  rcgiof 
and  a  large  indifferent  cathode  400  to  500  sq.  cm.  on  th^ 
abdomen.     Tlie  large  anode  should  be  employed  as  actiVL 
electTX>de  since  it  diminishes  tlie  excitability  of  the  nerve.  H 

Intensity,  60  to  ic»   milliamperes;  duration  of   seance, 
20  to  30  minutes ;  repeated  every  day  or  every  second  day. 

When  salicylates  arc  indicated,  an  active  cathode  100  sq, 
an.,  should  be  soaked  in  a  i  per  cent  solution  of  sodium 
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salicylate.    U  iodine  is  prcfcircJ,  the  cathode  may  be  so^cd 
ill  a  t  per  cent  solution  of  iodide  of  potassium. 

2.  In  an  acute  case  if  we  can  treat  the  patient  from  the 
commencement,  we  may  dirca  the  cflieuve  from  the  static 
machine  on  the  painful  region  for  a  period  of  lo  to  15 
minute^,  giving  a  seance  every  day.  The  static  eflleuves 
may  be  replaced  by  those  from  a  high  frequency  apparatus. 

3.  If  the  foregoing  remedies  fail,  we  may  have  recourse 
to  the  sinusoidal  current  by  means  of  an  electric  bath  at 
a  temperature  of  97°F.  One  pole  of  tlie  apparatus  should 
be  joined  up  to  a  number  of  electrodes  hung  round  tlie  sides 
of  the  batli,  whicli  should  be  made  of  some  insulating 
material.  The  other  pole  should  be  applied  to  the  lumbar 
region.  The  patient  should  be  sensible  of  a  slight  tetanisa- 
tion  of  all  his  muscles. 

4.  In  cases  of  atrophy  of  the  muscles  following  acute 
lumbago,  rhythmic  faradisation,  or  rhythmic  galvano-fara- 
djsation  may  be  employed,  as  ior  muscular  atrophy.     (377) 

TorlicollU. — -The  same  mode  of  treatment  should  be 
adopted.  The  active  anode  shoidd  be  placed  on  the  trape- 
zius or  the  stemo-mastoid  as  the  case  may  be.  In  conse- 
quence of  the  shape  of  the  region  affected,  the  electrode  will 
be  a  snull  one  and  a  current  of  15  to  20  milliamperes  will 
suffice.  Labile  galvanisation  by  means  of  a  positive  roller 
passed  over  the  painful  region  gives  excellent  results.  A 
current  of  15  to  20  milliamperes  may  be  used.  As  with 
lumbago,  we  may  use  the  faradic  current  or  the  galvano- 
faradic  current.  The  disclargc  from  a  high  frequency  ap- 
paratus may  also  be  employed  by  means  of  a  condensing 
electrode,  wliich  is  less  painful  than  a  pencil  or  brush. 

B.    Affections  01-  the  Ner\'es. 

Ncoritis— Folyncuritit — Parjlysif  of  peripheral  origin — 
Neuralgia. 

380.    Polyneuritis. — Neuritis  is  usiully  due  to  a  dc- 
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structive  alteration  of  the  axis  cylinders  or  of  tlie  myeJine 
sheaths  of  cdlulifugal  or  ccllulipctal  nerves.  The  lesions 
arc  usually  kjcaliscd  in  the  smaller  branches,  and  arc  caused 
cither  by  cold  or  some  toxic  or  infectious  agent.  The  prin- 
cipal varieties  arc  saturnine  polyneuritis,  alcoholic  pol)~RCU- 
ritis  and  diphtheric  polyneuritis. 

Saturnine  polyneuritis  has  many  points  of  resemblance 
to  polyomyclitis  and  manifests  itself  by  rapid  and  pro- 
gressive paralysis,  followed  by  muscular  atrophy. 

Alcoholic  polyneuritis,  which  shews  itself  by  incoordina- 
tion of  movement  and  ocular  troubles,  has  some  points  of 
resemblance  to  tabes.  It  is  important  therefore  to  be  cer- 
tain of  the  diagnosis. 

EteetrO'diagnosis. — All  varieties  of  neuritis  are  cliaractcf- 
ised  by  DR  more  or  less  complete.  In  saturnine  polyneuritis 
it  comes  on  early  and  is  very  complete,  whereas  in  alcoholic 
polyneuritis  it  is  incomplete  and  in  diphtheric  polyneuritis 
it  is  absent.  This  last  form  has  special  diaracters  which 
place  it  in  a  category  apart. 

StUurHtnc  polyneuritis. — Lead  palsy,  which  is  chiefly 
motor  and  but  slightly  sensitive,  is  accompanied  by  early 
muscular  atrophy  and  early  and  complete  DR.  The  DR 
may  be  recognised  by  testing  certain  muscular  groups  ac- 
cordii^  to  the  part  which  is  paralysed.  In  paralysis  of  the 
upper-arm,  it  is  the  extensors  of  the  fingers  that  arc  chiefly 
affected.  The  supinator  longus  is  not  afTccted,  contrary 
to  what  takes  place  in  paralysis  of  the  fore-ami.  The 
anconeus  is  also  unaffected  in  lead  palsy.  In  tlic  brachial 
t)-pe,  the  deltoid,  the  biceps,  the  brachialis  anticus  and  the 
supinator  longus  are  affected.  In  the  leg  the  extensors  of 
the  great  toe,  tlie  pcronci,  and  the  tibialis  antiais  are  para- 
lysed. 

Alcoholic  folymurilis. — AlcotioHc   polyneuritis   is   of   a 
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mixed  type.  The  scn$ili»e  ncrvc«  arc  attacked  even  be- 
fore the  motor  nerves.  DR  comes  on  later  and  is  less  com- 
pU-tc  than  in  lead  palsy.  It  occurs  chiefly  in  the  cxtenjor 
miL&cles>  extensor  communis  digitoruni,  exteniior  proprius 
poUicis,  peronei,  tibialis  anticus.  and  the  muscles  of  the  foot. 
Wlien  it  attacks  the  upper  limb  there  is  partial  DR  of  tlie 
extensors. 

Diphtheric  polyneuritis. — This  variety  chiefly  attacks  the 
velum  palati  and  the  pharynx,  and  more  rarely  the  dia- 
phrairm.  DR  does  not  occur,  but  merely  some  diminished 
excitability  of  the  muscles  involved. 

TIte  nature  of  these  post-diphtheritic  complications  is  not 
well  established.  In  some  cases  tlic  muscles  are  chiefly  in- 
volved, in  others  the  nerves,  in  others  tJic  cells  of  the  an- 
terior comua,  while  in  still  others  there  may  be  no  ap- 
preciable lc*ion  whatever. 

Electric  exploration  is  not  only  useful  for  diagnosis,  but 
it  has  also  a  special  value  as  a  means  of  prognosis.  In 
general  we  may  say  that  the  prognosis  is  unfavourable 
when  there  is  complete  DR  accompanied  by  loiigiludiiial 
reaction,  whereas  partial  DR,  if  the  malady  is  at  its  height, 
is  of  better  augury.  On  the  other  hand  in  neuritis  a  frigare, 
complete  DR  is  not  of  such  grave  import 

The  Choice  of  the  active  electrode. — Before  entering  on 
the  subject  of  electro-therapeutics,  it  may  be  well  to  lay 
down  the  general  rules  whicli  guide  us  in  determining 
whether  the  active  electrode  shall  be  an  anode  or  a  cathode. 

The  negative  pole  luis  a  resolvent  action  on  clironic  in- 
flammations and  more  particularly  on  neuritis.  It  arrests 
the  cicatricial  process,  and  formation  of  sclerous  tissue,  an 
important  point  in  the  elcctro-thcrapcutic  treatment  of  affec- 
tions of  the  brain  and  spinal  cord.  The  negative  pole,  more- 
over, augments  the  excitability  of  the  Dcrve  (cathelectro- 
tonus)  and  is  thus  useful  in  paralysis. 
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The  positive  pole,  on  the  contrary,  diminishes  the  excita- 
t}iltt>-  of  the  nerve.  Its  action  is  sedative  and  depressant. 
(Leduc.) 

In  the  diseases  we  are  about  to  consider  there  are  two 
opposing  symptoms,  vis.,  pain  and  paralysis.  The  cathode 
should  be  the  active  electrode  in  the  treatment  of  paralysis, 
the  anoik  should  be  used  for  the  relief  of  pain. 

Etectro-ih(rapetttics.—Ge}itTal  treatment  of  ail  polyneu- 
rileis. — Electrical  treatment  should  not  be  commenced  until 
the  cause  has  ceased  to  act.  The  best  means  of  treatment 
is  that  by  means  of  the  continuous  current,  a  large  indifferent 
clectFodc  being  applied  to  the  roots  of  the  affected  nerve,  and 
B  large  active  electrode  on  the  peripheral  region.  The  rule 
for  the  sign  of  the  active  electrode  is  given  above,  i.e.,  the 
aiKxlc  for  pain,  the  cathode  for  paralysis.  Atrophy  should 
be  treated  by  faradisation  or,  better  still,  by  rhythmic  gal- 
vano-faradisation. 

If  there  is  DR  with  inversion  of  the  normal  formula,  we 
may  use  the  galvanic  current  with  rh\'thniic  interruption.  A 
metronome  may  be  used  giving  one  beat  per  second.  The 
positive  pole  sliould  be  applied  to  the  motor  points. 

Smusoidal  voltaiKatioii  has  given  excellent  results  in  the 
hands  of  some  experimenters.-    {RegnUr,  Bordter.) 

Satuminf  polyneuritis,  i.  The  affected  nerves  should 
be  galvanised.  When  the  fore-arm  is  affected,  a  cathode  of 
30  sq.  cm-  should  be  applied  to  the  back  of  tlic  hand.  When 
the  upper  arm  is  attacked,  a  cathode  of  100  sq.  cm.  should 
be  applied  to  the  front  and  lower  part  of  the  arm.  When 
the  li^  is  attacked  a  cathode  of  100  sq.  cm.  should  be  ap- 
plied to  the  dorsum  of  the  foot,  the  ankle  and  the  front  and 
outside  of  the  leg.  The  cathode  is  chosen  as  the  active  elec- 
trode because  in  saturnine  polyneuritis,  the  disease  affects 
the  motor  rather  than  the  sensitive  ner\cs.  The  indifferent 
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3des  should  have  a  surface  of  at  lca$t  200  sq.  cm.,  and 
Aid  be  applied  to  the  nape  of  the  neck  or  the  loins,  ac- 
cording to  the  situation  of  the  paralysed  muscle-  A  seance 
I  of  to  to  15  minutes  should  be  given  daily  at  first,  and  after- 
wards cii'ery  other  day.  With  a  catliode  of  20  sq.  cm.  the 
intensity  should  be  to  raillianipercs.  With  larger  cathodes, 
we  may  give  15,  ao,  or  even  30  mitllamperes. 

2.  The  atrophied  muscles  may  be  treated  by  means  of  gal- 
vano-faradi.sntioii,  tlic  active  electrode  being  applied  to  the 
motor  point  of  each  muscle.  In  accordance  with  the  gen- 
eral law,  the  active  electrode  should  be  coimected  to  the 
negative  pole.  If  there  is  no  apparatus  available  to  inter- 
rupt the  current  periodically,  this  may  be  done  by  hand,  in 
order  not  to  fatigue  the  muscles  by  sustained  contractions 
of  too  great  (titration.  The  treatment  should  be  repeated 
evcr>'  day  or  every  other  day. 

If  the  muscle  does  not  react  lothegalvano-faradic  current, 
we  may  employ  a  galvanic  current,  interrupted  by  a  metro- 
nome beating  seconds.  The  active  electrode  should  be  an 
anode,  as  there  is  inversion  of  the  normal  formula,  and  ACC 
appears  before  KCC.  We  may  increase  the  current  to  the 
limit  of  tolerance,  and  if  this  is  not  successful,  wc  may  trans- 
fer the  active  electrode  to  the  lower  extermily  of  the  muscle 
so  as  to  get  longitudinal  reaction.  In  this  case  the  active 
electrode  should  be  a  cathode.  In  many  cases  one  may 
employ  an  electrode  larRc  enough  to  cover  the  motor  points 
of  several  muscles,  and  thus  obtain  the  simultaneous  con- 
traction of  a  group  of  muscles. 

3.  Static  electricity  may  be  used  in  these  cases,  by  means 
of  the  static  spark  or  Bcrgonie's  excitateur,  or  high  fre- 
quency sparking  may  be  employed.  The  treatment  is  usually 
protracted,  lasting  several  months. 

Alcoholic   polyneuritis,     i.  Galvanisation.     The   anode 
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should  be  used  where  there  is  much  pain,  and  the 
cathode  if  the  symptoms  arc  chiefly  paralytic.  An  active 
electrode  of  60  to  100  sq.  cm.  sliould  be  applied  to  the  bade 
of  the  foot  2nd  ankle,  and  the  front  and  outer  part  of  the  leg. 
The  indifferent  anode  should  have  a  Mirface  of  at  least 
200  sq.  cm.  and  should  be  placed  over  the  loius.  \Mien  the 
extensors  of  the  arm  are  affected,  tlic  treatment  is  the  same 
as  for  saturnine  neuntiK  in  the  same  situation. 

Tlie  duration  and  number  of  (he  seances  is  the  same  as 
for  saturnine  neuritis. 

3.  Galvano-fandisation  may  te  employed  in  the  same 
manner  as  for  saturine  neuritis. 

3.  Static  electricity  or  high  frequency  may  also  be  used. 
The  treatment  is  protracted,  lasting  at  least  six  or  eight 
weeks,  and  often  longer. 

Diphtheritic  folyneurilis. — 'Die  best  treatment  is  faradisa- 
tion. (Duchenne,  Brb.)  Galvanism  is  more  diiHcult  to  ap- 
ply and  not  so  efltcadoiis.  The  paralysis  of  the  vchim 
palati  is  greatly  improved  by  general  faradisation,  not  di- 
rected especially  to  the  paralyM,-d  part, 

Larat  prefers  the  treatment  by  means  of  sinusoidal  cur- 
rents. 

The  following  is  the  technique  of  the  treatment  by  fara- 
disation. One  of  the  electrodes  with  a  surface  of  100  »q. 
cm.  is  applied  to  the  neck.  The  other  electrode  consisting 
of  an  arm-bath  or  foot-batli  is  connected  to  the  negative 
pole  of  the  coil-  The  duration  of  the  seance  is  15  minutes, 
and  the  intensity  should  l>e  limited  by  the  sensation  of  pair 
The  treatment  may  be  repeated  every  day  or  every  othc 
day.  In  ordinary  cases  a  cure  will  result  in  about  a  month. 
In  order  to  avoid  paralysis  of  llic  diaphragm  we  may  fara- 
dise  the  phrenic  nerve.  The  active  cicclrodc  should  be 
placed  just  above  the  clavicle  at  the  outer  border  of  th« 
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ttemo-masloid  (RockweU).    For  electric  treatment  of  the 
^  velum  palati  s«c  par.  386. 

381.  Neuritis  of  single  nerve  trunks. — Neuritis  of 
a  single  ncr\-e  trunk  is  usually  traumatic,  and  caused  by  a 
prick,  cut,  contusion,  or  fracture.  It  may  be  caused  by  a 
tumour  or  by  exposure  to  cold,  or  by  some  general  affection, 
luch  as  is  sometimes  followed  by  pol)-neuritis. 

According  10  the  severity  of  the  lesion  and  the  nature 
of  the  ner%-e  attacked,  the  nearitis  may  be  accompanied  by 
i  motor  paralysis,  or  by  alterations  of  sensation  such  as  hyper- 
esthesia or  anesthesia. 

Eifclro-diagnosis.  The  same  as  for  polyneuritis,  but  in 
this  ca$e  the  gravity  of  the  prognosis  does  not  correfpond 
with  the  degree  of  DR.  Wc  must  take  into  consideration 
^tlie  cause  of  the  neuritis. 

Electro-therapeutics.    An     isolated    neuritis    should    be 

1  treated  in  the  same  way  as  a  polyneuritis.     The  nerve  should 

I  be  treated  by  galvanisation,  and  the  muscle  by  faradis;ilion, 

>or  by  rhythmic  gal vano- faradisation,  with  variable  intei^ 

ruptions.    Fatigue  of  (he  muscle  should  be  carefully  avoided. 

We  may  take  the  treatment  of  sciatica  as  an  example. 

Isolated  neuritis  of  the  sciatic  nerve.  1.  Goli>an%solion  of 
the  sciatic  ncrtw.  A  large  iiKliffercTit  cathode  of  at  least 
200  *q.  cm.  is  applied  to  the  lumbar  region.  The  anode 
consists  of  a  foot-bath  or  a  large  electrode  of  cotton  wool  and 
gallic  bandaged  round  the  ankle  and  lower  part  of  the  log. 
—Duration  10  to  15  minutes. — Intcnsit)'  10  to  30  milliara- 
peres. — ScaiKcs  cverj-  day  or  cver>'  second  day. 

2.  Faradisation  or  galvann- faradisation  of  the  affected 
muscles.  The  active  cathode  is  applied  to  each  motor  point 
and  each  muscle  is  made  to  contract  rhythmically  by  means 
of  the  rhythmic  interruptor,  oc  by  periodic  intemiptiont 
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made  l^  hand.     (380)     Seances  every  day,  or  every  other 
day. 

If  tiie  muscles  do  not  react  to  tlie  faradic  current  or  the 
galvano-faradic  current,  a  galvanic  current  interrupted  by 
means  of  a  metronome  should  be  employed.  U  there  is  in- 
version  of  the  formula  the  active  electrode  sliould  be  the 
anode.     A  group  of  muscles  may  be  treated  simultaneously. 

Other  methods.  Denoye  and  Bordier  recommend  the 
direct  application  of  high  frequency  currents,  using  a  metal- 
lic plate  of  Ictfd  or  tin  on  the  loins  and  another  just  below 
the  calf.  The  electrodes  arc  connected  to  the  tTArtonval 
self-induction  helix. — Seances  of  10  minutes'  duration  re- 
peated ever)-  oilier  day. 

In  all  cases  of  neuritis  electrical  treatment  should  be  im- 
mediately stopped  on  the  occurence  of  phenomena  of  con- 
tracture. 

383.  Herpes  zoster. — Obstinate  cases  of  herpes  zoster 
may  be  treated  by  galvanisation.  A  large  anode  should  be 
placed  on  the  spine  over  the  roots  of  the  alTectcd  nerves, 
and  one  or  more  negative  electrodes  on  the  skin  of  the 
afFected  region,  taking  care  to  avoid  the  points  of  eruption. 
— Intensity,  5  to  15  millianipcres. — Duration,  10  minutes,, 
every  day  or  every  other  day. 

383.  Paralysis  due  to  peripheric  causes. — There  arc 
some  paralyses  of  peripheric  origin,  which  are  not  part  of  a 
ncuritic  process.  U'e  shall  give  the  most  important  of  these, 
and  discuss  the  central  lesions  and  general  diseases  giving^ 
rise  to  similar  symptoms. 

384.  Facial  paralysis. — When  we  are  called  to  treat 
a  case  of  facial  paralysis  there  are  several  questions  to  be 
considered  in  making  a  diagnosis.  Firstly,  we  must  be  care- 
ful not  to  mistake  for  paralysis  a  contracture  of  the  opposite 
Bide,  whidi  makes  the  healthy  side  lo<A  weak  and  flabby  by 
contrast. 
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forceps  in  labour,  paralysis  due  to  a  syphilitic  tumour  of  die 
parotid,  or  to  neuritis  as  described  in  par.  381. 

b.  Paralysis  of  intra-tcmporai  origin  from  fracture,  otttla, 
syphilitic  periostitis  or  tiibenrulous  canes  of  the  petrous  por- 
tion of  the  temporal  bone.  In  these  cases  we  get  interfer- 
ence with  he:)ritig,  with  a  bitter  taste  and  diminution  of  the 
salivary  secretion. 

c.  Paralysis  of  the  jth  nerve  due  to  lesion  of  the  medulla 
nd  pons  below  the  point  of  crossing  of  the  fibres  of  the 

Tbcial,  and  above  that  of  the  pyramidal  tract,  or  to  an  altcr- 
ttating  hemipl^a,  i.e.,  a  hemiplegia  which  is  direct  for  the 
face,  and  crossed  for  the  limbs. 

d.  Paralysis  of  the  7th  ner^t  due  to  hemorrhage  or  soften* 
ing.  In  these  cases  the  orbicularis  palpebrarum  remains  un- 
aEFccted,  probably  on  account  of  the  existence  of  commisural 
fibres  between  the  nuclei  of  origin  of  their  motor  nerves  on 
either  side.  The  two  latter  classes  will  not  be  discussed 
here  as  they  belong  more  properly  to  a  later  chapter, 

Eleclro-dittgnosis.  Wc  may  here  recall  the  anomalies  of 
electrical  reaction  which  are  produced  by  lesions  of  the 
brain  and  spinal  cord. 

r.  In  facial  paralysis  of  central  origin,  we  find  only  a 
quantitative  modification  of  galvanic  and  faradic  excitability 
which  is  greater  or  less  according  to  the  extent  of  the  lesion. 

3.  When  the  paralysis  is  due  to  neuritis,  DR  sets  in  from 
six  to  eight  days  after  the  commencetnent  of  the  paralysis. 

When  DR  does  not  occur  between  the  6th  and  toth  day  the 
lease  will  probably  recover  in  from  two  to  three  weeks. 
^Vhen  at  the  same  period,  there  is  no  DR.  btrt  the  faradic 
excitability  is  diminished,  while  the  g^'vanic  excitability  is 
increased,  the  case  will  probably  recover  in  from  six  to 
twelve  weeks.  Finally,  when  DR  occurs,  wc  may  expect 
the  paralysis  to  disappear  after  three  to  eight  months,  or 
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not  st  all,  according  to  the  degree  o(  DR,  wbetlier  partial 
or  complGte. 

EUctro-therapeuti(s.  When  the  paralysis  is  due  to  a 
lesion  of  central  origin,  the  treatment  should  follow  the 
rules  laid  down  in  tlie  treatment  of  hemiplegia.  (411  and 
412.) 

When  tlie  paralysis  is  of  peripheral  origin,  we  should 
treat  the  affected  nerve  as  well  as  the  muscles.  Tlie  nerve 
is  to  be  treated  by  the  galvanic  current.  A  large  indifferent 
anode  of  200  sq,  cm.  is  pland  on  the  back  of  the  neck,  and 
an  active  cathode  covering  one  side  of  tin*  face  i;  applied 
with  firm  pressure  to  the  trunk  of  the  facial  below  the  ear. 
Intensity:  10  to  15  miHiam[>ereft. — Puration:  10  minutes,— 
Seances  at  first  every  day,  afterwards  every  other  day. 

After  ten  days,  we  may  bc^n  to  treat  the  muscles  with 
galvano-faradisation,  by  means  of  a  small  electrode  of  3  or 
4  sq.  cm.  applied  to  cadi  motor  point.  We  should  be  care- 
ful not  to  fatigue  the  muscles,  and  slionid  therefore  give  only 
short  seances  and  m^e  ilhc  of  the  rhtlhmic  tnterruptor  in 
order  to  interrupt  the  current  periodically. 

If  any  signs  of  contracture  should  appear,  the  use  of  the 
faradic  current  should  be  stopped,  and  the  treatment  may 
be  continued  by  tlic  application  of  the  gaU-anic  current  in 
small  doses. 

385.  Paralysis  of  the  motor  branch  of  the  trlgcmina] 
nerve. — This  affection  is  very  rare,  but  is  of  grave 
augury,  since  it  is  usually  caused  by  inira-cranial  Icstons, 
tumour,  gumma,  etc.  Its  dgiu  are  paralysis  of  the  muscles 
of  mastication,  and  paralysis  of  the  pterygoid  muscles  caus- 
ing deviation  of  the  jaw  to  the  affected  side.  It  may  be  fol- 
lowed by  contracture.  When  caused  by  intra-cranial  lesion, 
Eichkorst  recommends  bilateral  galvanisation  of  the  cran- 
ium, and  faradisation  of  the  masseter  and  temporal  which 
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Mnxcles. 

In  cases  where  there  is  a  le»ion  of  the  central  nervous 
system,  Eickhorst  recommends  galvanisation  of  the  cranium. 

The  treatment  of  paralysis  of  the  intem.il  branch  of  the 
spinal  accessory  nerve  necessitates  a  special  technique. 

The  palate  may  be  treated  directly  by  means  of  the  curved 
electrode  designed  by  Bordier.  The  extremity  should  be 
well  padded  with  moistened  cotton  wool  covered  with 
gauze.  The  indifferent  electrode  bcirg  placed  on  the  neck, 
we  begin  by  giving;  the  galvanic  citrreni  for  a  few  minutes 
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with  the  negative  pole  on  the  palate,  after  whkh  we  ^vc 
one  or  two  minutes"  faradisation  or  galvsrio-faradLsation^ 
interrupting  the  application  as  often  as  necessary.  A  cer- 
tain amount  of  stimulation  of  the  palate  niay  be  produced 
by  stimulating  the  external  branch  of  the  spinal-accessory 
going  to  the  stcrno-mastoicl  or  trapezius  muscles,  the  stimu- 
lus twing  transferred  to  the  internal  branch  supplying  the 
palate.  With  children  or  exceedingly  nervous  persons,  this 
is  frequently  all  tliat  can  l>e  done. 

387.  Paralysis  of  the  musculo-spiraJ  nerve. — The 
usual  causes  of  paralysis  of  this  ncr\'c  are  cold,  compression 
and  traumatism.  It  is  a  mixed  paralysis,  characterised  by 
aniexthe-^ia  and  motor  paralysis.  Tlic  muscles  affected  are 
the  triceps,  tlie  suptnaUrs,  the  radial  extensors,  the  extensor 
communis  digitorum,  the  extensor  minimi  digiti,  the  ex- 
tensor carpi  ulnaris.  the  anconeus,  the  extensors  ossis  mcta- 
carpi  pollicis,  the  long  and  short  extensors  of  the  thumb, 
and  tile  extensor  indicis.     (Fig.71.) 
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Fig.  71.— Hotof  Pdntf  of  the  Muncxilo-spiral  Nerve. 
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Tbc  (ensory  territories  corresponding  to  the  branches  of 
the  musculo-spiral  ncr\'c  arc  represented  in  Figs,  63  and  64. 
Paralysis  of  this  nerve  may  be  easily  recognised  by  raising 
the  arm  horizontally,  when  the  hand  drops  in  a  position 
of  semi-pronation  and  the  patient  is  unable  to  flex  the  wrist 
or  fingers. 

Electro-diagnosis. — Elcctro-diagrwsis  gives  almost  tbc 
same  results  as  in  the  case  of  paralysis  of  the  7th  ncr\-e,  with 
the  exception  of  DR,  which  is  ver>'  rare.  In  paralysis  from 
compression,  usually  produced  during  steep,  only  slight 
quantitative  modifications  occur,  ami  the  paral>-sis  soon  dis- 
appears. In  this  form,  the  pressure  occurs  on  that  portion 
of  llie  nerve  which  winds  round  the  shaft  of  the  humerus, 
and  hence  the  triceps  muscle  is  unaffected,  since  its  motor 
supply  is  given  off  high  up.  We  should  also  remember 
that  in  peripheric  paralysis  of  the  musculo-spiral  nerve  the 
long  supinator  is  paralysed,  whereas  this  is  not  so  in  the 
case  of  saturnine  paralysis  of  the  extensors.  To  demon* 
stratc  this,  the  fore-arm  should  be  placed  in  a  position  in- 
termediate between  pronation  and  supination.  Wc  then  tell 
the  patient  to  flex  the  fore-arm  while  we  oppose  the  motion. 
If  it  is  not  paralysed,  the  supinator  longus  will  start  out  into 
strong  relief. 

Blectro'therapeutics.  Wc  be^n  with  galvanisation  of 
the  nerve,  witli  an  indifferent  anode  of  at  least  200  sq.  cm. 
at  the  back  of  the  neck,  using  an  arm-bath  as  cathode,  or 
a  flexible  electrode  of  100  sq.  cm.  bandaged  to  tbc  bade  and 
outside  of  the  fore-arm  and  wrist.— Intensity :  ao  to  40  milli- 
amperes. — DuraUon:  10  minutes. — Seances  every  day  or 
every  second  day. 

The  muscles  should  be  treated  witli  tlic  galvano-faradic 
current,  interrupted  by  the  rhythmic  interruptor.  The  active 
electrode  is  applied  to  tlie  motor  points  of  the  affected 
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musdes,  and  the  treatment  should  be  coniiHuwl  for  only  a 
few  rainuteB. 

388.  Paralysis  of  the  median  nerve. — This  affection, 
whkh  is  very  rare,  usually  results  from  luxation,  from 
traumatism  or  from  compression  due  to  the  ffinnation  of 
callus  after  a  fracture.  The  symptoms  differ  according  to 
the  position  of  tlie  injury  to  tlte  nerve. 
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Fig.  71.— Motor  Poin'*  of  the  McJian  Xenre. 
Fig.  72  shews  the  motor  points  of  the  affected  muscles. 

Tlie  treatment  is  the  same  as  that  given  above  for  musculo- 
sfnral  paralysis.  It  consists  of  galvanisation  of  the  nerve, 
and  galvano-faradisation  of   the   muscles.     (387) 

389..  Paralysis  of  the  ulnar  nerve. — The  same  may  be 
said  of  paralysis  of  the  ulnar  nerve,  which  is  usually  of 
traumatic  origin.  It  affects  the  muscles  of  the  hypothenar 
eminence,  the  tntero&sei  and  the  3d  and  4th  lumbrtcales.    In 
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390.  Paralysis  of  the  nerves  of  the  upper  ann. — ^There 
arc  numerous  instance*  where  paral)>ia  may  affect  tlie  ter- 
ritories of  two  or  more  nerves  at  tlie  same  time.  We  sball 
only  allude  to  two  of  these.  One  is  caused  by  contusion, 
luxation  or  fracture  of  the  slioulder,  and  is  cliaracteriscd  by 
atrophy  of  the  deltoid.  Tlje  other  is  paralysis  of  Erb's 
plexus,  limited  to  paralysis  o£  the  deltoid,  tlic  biceps,  the 
brachialis  anticus  and  the  supinator  tongus.  In  these  af- 
fections, which  differ  greatly  according  to  the  severity  of 
the  original  lesion  and  tiK  degjee  of  neuritis  and  muscular 
atrophy,  we  must  combine  the  galvanic  with  the  faradic  cur- 
rent, as  in  paralysis  of  the  musculo-spiral  nerve.  Tha 
motor  points  of  the  muscles  supplied  by  the  ulnar  nerve  are 
given  in  Plates  V  and  VI.  For  further  information  on 
muscolar  atrophy  we  may  refer  the  reader  to  par.  377. 
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of  the  phrenic  nerve  of  saturnine  or  diphtlieritic  origin. 
The  dyspiKca  usually  conies  on  in  paroxysms  when  the  respi- 
ration is  increasrtj  by  the  least  exertion. 

Rtnlio-diagnosis. — Tlie  radioscopic  examination  of  pa- 
tients suspected  of  paralysis  of  the  diaphragm  is  of  tiie 
greatest  utility,  both  for  diagpnosis  and  for  following  tho 
{irogress  of  the  disease.  When  paralysis  is  complete,  the 
diapliragm  no  longer  sinks  at  each  inspiration,  but  is  drawn 
slightly  upward!)  in  consequence  of  the  diminished  pressure 
in  the  chest.  Thus  wc  may  say  that  diaphragmatic  move- 
ment becomes  less  and  less  with  the  progress  of  Ihc  malady. 
and  is  re^'ersed  when  the  paralysis  is  complete. 
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The  examination  of  the  cjiaphragmatic  incursion  is  made 
in  the  following  manner.  Tlie  paiienl  is  placed  in  front  o£ 
the  tube  carrier  as  if  for  orthodiagraphy  of  the  heart.  The 
normal  ray  is  brought  opposite  to  Uic  right  half  of  the  dia- 
phragm, and  is  then  lowered  to  tlie  level  of  the  lower  limit 
of  the  diaphragmatic  incursion  during  normal  respiration. 
We  then  mark  this  level  with  a  Faber'i  pencil  on  the  screen. 
In  the  same  way  we  mark  tlic  upper  limit  of  tlie  diaphrag- 
matic incursion.  Afterwards  with  a  dotted  line  wc  mark 
the  corre^wnding  levels  with  forced  respiration.  A  cor- 
responding o1>ser\-ation  is  maJe  on  the  left  side  and  tlie 
pencilled  lines  are  tlien  taken  off  on  transfer  paper.  The 
median  point  of  t!ic  upper  stenial  notch  is  marked  as  a  point 
of  reference.  I  first  exhibite<l  this  method  for  tlie  examina- 
tion of  the  movements  of  the  diaphragm  at  tlie  Congress  of 
Paris  in  1900,  before  the  introduction  of  orthodiagraphy. 
It  should  be  of  great  service  to  clinical  medicine,  not  only  in 
cases  of  true  paralysis  of  the  diaphragm,  but  also  in  a  nimi- 
ber  of  cases  where  its  function  is  altered  by  refjcx  action, 
neurosis,  or  other  causes.  The  instruments  designed  since 
1901  in  Germany  for  the  orthodiagraphic  measurement  of 
the  area  of  the  heart  are  not  so  suitable  for  this  purpose, 
as  they  do  not  afford  so  extensive  a  view  of  the  thoracic 
contents. 

EUttro-therapeulicx. — The  phrenic  nerve  should  be 
treated  by  means  of  the  continuous  current.  A  large  anode 
may  be  placed  on  the  neck  and  a  small  catliode  on  the  trunk 
of  the  phrenic  ner\-e  between  the  two  insertions  of  the 
stemo-mastoid.  Or  we  may  place  a  small  anode  on  the 
phrenic  and  a  large  cathode  on  the  epigastrium  and  h>'po- 
chondrium.  A  current  of  5  to  10  milliampcrcs  should  be 
employed.  Tlie  seance  may  be  terminated  by  excitation  by 
means  of   the   faradic   current.     The   contraction  of   the 
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dbphragm  is  accompanied  by  a  loud  sound  indicating  tlie 
penetration  of  air  into  the  respiratory  tract. 

j92.  Paralysis  of  tbc  anterior  crural  nerve. — In  this 
case,  the  psoas  and  iliacus,  llic  sartorius  and  the  exten&ors 
of  tlie  ihigh  arc  affected,  and  frequently  undergo  secondary 
degeneration. 

The  electro-diagnosis  and  the  treatment  are  the  same  as 
{or  paralysis  of  the  musculo-spiral  nerve.  The  anterior 
crura)  nerve  is  Only  accessible  just  below  Poiipart't  ligament. 
The  motor  point»  are  given  in  Plates  \'II  and  VIII. 

393.  Paralysis  of  the  sciatic  nerve. — This  aflfcction  is 
fairly  common,  as  the  result  of  traumatism,  compression, 
neuritis  or  exposure  to  cold.  The  following  arc  the  symp- 
toms of  the  different  varieties  dependent  on  tlic  part  of  the 
nerve  affected. 

When  the  nerve  is  injured  near  its  origin,  the  upper 
collateral  branches  will  he  affected,  causing  paralysis  of  the 
obturator  intcmus,  tbc  gcmclli.  the  <iiiadratus  femoris.  the 
semi  tend  inosus  and  semi-mcmbranuMis  muscles.  The  ad- 
duction of  the  thigh  and  the  flexion  of  die  leg  are  interfered 
with. 

When  the  paralysis  affects  the  peroneal  nerves,  the  fol- 
lowing muscles  are  affected,  the  tibialis  anticus,  the  extensor 
communis  digilorum,  the  extensor  longus  polticis,  the  pcro- 
nei,  the  extensor  brcvis  digitorimi  and  the  extensor  proprius 
polltds.  The  extension  and  adduction  of  the  ankle  is  inter- 
fered with,  and  the  foot  is  placed  in  the  position  of  varus 
cquinus,  with  dropfung  of  the  toes  and  the  external  border 
of  the  foot. 

If  the  paralysis  only  affects  the  popiitcus  internus,  the 
following  muscles  are  paralysed,  the  gastrocnt-mius,  soleus 
and  plantaris.  the  popliteus.  the  tibialis  posticus  and  the  deep 
flexors  of  the  toes.  The  foot  is  placed  In  the  position  of 
talipes  valgus,  with  its  point  and  external  border  raised. 
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electro-diagnosis  may  be  made  in  the  way  previously 
dnoibcd  for  paralysis  of  the  facial  and  niusculo-spiral 
nerves. 

Treatment  will  consist  in  tlie  use  of  the  continuous  cur- 
rent  with  an  indifferent  anode  over  the  loins  and  a  foot- 
bath or  active  electrode  attached  to  the  negative  pole.  Thii 
may  be  followed  by  the  rhythmic  galvano-faradisation  ap- 
plied to  the  motor  point  of  each  muscle. 

394.  Other  forms  of  paralysis. — Hie  above  are  the 
fofrns  of  paralysis  most  frequently  met  with.  There  are 
other  forms  affecting  special  nerves  or  organs,  such  as 
paralysis  of  the  recurrent  nerve,  of  tlie  .•iphincters  and  of  the 
bladder.  We  shall  allude  to  these  under  the  heading  ap- 
propriated to  each  particular  organ.  Thus  the  diseases  of 
the  larynx,  of  the  throat  and  of  the  nose  will  be  treated  in 
separate  paragraphs.  The  paralysis  of  the  velum  italati 
is  described  under  that  on  the  spinal  accessory  nerve.  For 
paralysis  of  the  recurrent  nerve  we  must  refer  the  reader  to 
par.  516,  and  for  that  of  tlie  bladder  to  par.  473. 

395.  Neuralgia.— Xeuralgia  may  be  a  concomitant  of 
tKurilis,  or  it  may  appear  without  any  sign  of  neuritis,  in 
which  case  its  patholc^  is  exceedingly  obscure.  It  may 
follow  traumatism  or  exposure  to  cold,  or  it  may  depend 
on  general  causes  such  at  rheumatism,  gout,  diabetes,  syph- 
ilis, infectious  diseases  such  as  paludism,  toxic  diseases  or 
neuroses.  In  many  cases  tlie  etiolog)'  is  unknown,  and  it 
may  then  be  considered  a  part  of  the  arthritic  diathesis,  of 
which  it  may  be  the  only  manifeKtation. 

Proper  ctectro-dJagnosis  is  impossible  In  this  affection. 
When,  however,  neuralgia  is  accompanied  by  muscular 
atrophy,  both  are  probaUy  due  to  neuritis.  In  this  case 
dectro-diagnosis  may  enable  us  to  rccogaise  the  <»f^ic 
cause  of  the  affection. 
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Electro-lkcrapeulics.  The  electrical  treatment  will  vary 
icoording  as  the  aeuralgia  is  due  to  a  genera)  or  to  a  local 
cause.  If  10  a  general  caii$e,  tliis  must  be  treated  by  the 
luual  therapeutic  measures.  In  neuralgias  entirely  dcpen- 
cknt  on  local  causes,  we  may  employ  galvanism  followed 
by  faradisation  or  electric  counter-irritation.  In  neuralgias 
dependent  on  general  causes,  tlie  electric  treatment  includes 
general  faradisation,  static  electricity,  the  electric  batli  and 
high  frequency  currents. 

I.  Cimlinuouj  current. — la  most  cas«,  the  treatment  par 
excellence  for  neuralgia  is  that  by  th«  galvanic  current.  Elec- 
trodes of  large  area  should  be  employed,  thus  enabling  us  to 
give  currents  of  considerable  intensity.  The  usual  dose  is 
one-tenth  to  one  milliamperc  per  square  centimetre  of  sur- 
face. 

Some  patients,  bowe%-er,  can  hardly  bear  one-twentieth 
of  a  milliamperc  per  square  centimetre.  Bergenia,  Bordier, 
Cuiiloz,  Vernay  of  \'ienna  and  otiiers  employ  strong  cur- 
rents having  an  intcnsitj-  of  i  milliamperc  per  sq.  cm.  CmiV- 
los  gives  as  much  as  3  miUiampercs  per  sq.  cm.  c\'en  for  the 
face.  The  intensity  of  the  current  is  limited  only  by  the 
risk  of  injury  to  the  patient's  skin  and  to  liis  powers  of  en- 
durance of  pain. 

Here,  above  all,  we  must  look  to  tlie  state  of  the  elec- 
trodes. Each  patient  should  have  a  fresh  electrode.  This 
should  be  covered  with  wool  and  gauze  and  adapted  to  the 
region  which  is  affected.  The  electrode  should  be  a  thick 
one,  so  that  the  density  of  the  current  may  be  the  same  over 
the  whole  surface.  This  will  not  be  the  case  when  the 
electrode  is  unequally  oxidised  and  covered  with  thin  felt 
unequally  applied. 

LeuilUux  empl0)-8  electrodes  made  of  asbestos. 

The  choice  of  the  metal  for  tlie  electrode  is  important. 
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Hn  speedily  tarnishes  with  the  use  of  the  intense  currents 
necessary  for  neuralgia.  The  best  results  are  obuiiied  witli 
aluminiiun  or  platinised  copper.  {Bordier.)  Tlie  active 
electrode  is  usually  connected  to  tlie  positive  pole.  The 
positive  pole  diminishes  the  excitability  of  both  sensitive 
and  motor  nerves,  although  tlie  effect  soon  passes  off. 
(Eiilettberg,  Erb,  de  IVatleviUe,  iVaiUr,  Leduc.)  Other  ex- 
perimenters have  obtained  equally  good  results  by  using 
the  negative  pole  as  the  active  electrode.  The  choice  of 
the  pole  in  all  cases  may  not  be  of  great  importance,  but  it 
is  better  to  adhere  to  the  general  rule  and  employ  tlie  posi- 
tive pole  as  tlie  active  otthode  when  there  is  great  excita- 
bility. 

The  seances  shoidd  be  fairly  long.  The  old  metind  by 
short  seances  of  feeble  intensity  is  being  gradually 
abaadoaed.  A  seance  may  be  given  every  day  or  every 
two  days,  the  duration  varying  from  30  to  85  minutes  ac- 
cording to  circumstances.  Occasionally  as  much  as  two 
seances  a  day  may  be  required,  {Vemay.)  The  galvanic 
current  give*  excellent  results  in  cases  of  essential  neural- 
gia and  neuralgia  of  rlieumatoid  origin.  When  the  af- 
fection is  the  result  of  general  causes,  tlie  treatment  is  much 
less  efficacious. 

In  addition  to  the  continuous  current  for  neuralgia,  we 
have  the  treatment  by  the  electrical  introduction  of  chemical 
ions  into  the  tissues,  a  metltod  which  is  yet  in  its  inf.-incy, 
but  which  promises  a  vast  field  for  practice  in  the  future. 
iUduc.) 

7.  EUctncal  application  producing  eounter-lrrHalion  or 
revulsion. — Faradisation. — In  the  treatment  of  neuralgia 
when  pressure  on  the  affected  nerve  eases  the  pain.  Rock- 
welt  recommends  the  use  of  the  faradic  current,  the  galvanic 
current  being  preferable  when  pressure  increases  the  pain. 
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By  Duehennc's  metliod,  faradisation  may  be  appUed  by 
means  of  a  metallic  brush  attached  to  the  negative  pole  of 
the  induction  coil,  tlic  positive  electrode  being  placed  cmi  an 
indifferent  region. 

The  skin  should  be  quite  dn,-.    For  tliU  purpose  Duehennf} 
rubs  it  over  with  some  absorbent  powder  such  as  starch  or 
lycopodium.    If  preferred  vaseline  may  be  used  instead  of 
starch. 

Duchcnne  found  by  experience  the  importance  of  this 
precatition,  the  reason  for  which  may  be  explained  in  the 
following  maimer. 

When  an  electric  circuit  is  composed  of  segments  of  dif- 
ferent material,  witli  different  resistances,  the  greatest  fall 
of  potential  occurs  between  the  points  which  are  separated 
by  the  greatest  resistance.  In  the  case  in  question,  the 
drciitt  is  composed  on  one  side  of  the  positive  rheophore, 
the  moistened  indifferent  electrode,  and  tlie  body,  while  on 
the  other  side  it  consists  of  the  negative  rheophore  and  the 
metallic  brush.  The  whole  of  this  resistance  is  negligable 
in  comparison  with  the  enormous  resistance  offered  by  the 
dry  integument,  where  it  is  in  contact  only  with  the  small 
points  of  the  metallic  brush.  Since  the  electric  energ>'  in 
any  part  of  the  circuit  depends  on  the  fall  of  potential,  the 
greater  part  of  the  electric  energy  will  be  concentrated  on 
the  points  of  contact  with  the  ^in.  Here  the  density  of  the 
current  will  be  a  maximum,  tlie  ends  of  the  metallic  brush 
concentrating  the  electric  energ)'  on  excessively  small  areas 
of  the  skin.  The  revulsive  action  of  the  faradic  brush 
compares  favorably  with  other  methods,  of  counter-irrita- 
tion by  blisters,  cauterisation,  etc.  The  effect  is  often  mosl 
marked,  the  patient  being  relieved  after  a  few  minutes'  ap- 
plication. 

The  procedure  known  as  the  "electric  hand"  may  also 
usefully  employed.    The  faradic  current  pairing  tlirougtij 
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the  body  of  the  operator  may  be  transmitted  to  the  patient 
by  means  of  his  hand  passed  gently  over  tix  painful  region. 
Although  far  inferior  to  the  foregoing,  with  nervous  pa- 
tients this  method  may  prove  of  use. 

Morton  currents — Statical  electricity — High  frequency.-^ 
Morton  reports  good  results  from  the  use  of  the  currents 
which  go  by  his  oantc.  WcUl  recommends  the  use  of  Mor- 
ton currents.  In  his  method  the  positive  annature  of  the 
Leyden  jar  is  eartlied,  while  the  negative  armature  is  con- 
nected to  the  electrode, — a  rheostat  being  placed  between 
the  armature  and  the  exciting  electrode.     (335.) 

The  exciting  electrode  is  passed  over  the  skin  along  the 
course  of  the  nerve,  at  3  distance  of  one  or  two  centimetres. 
Bisiiop  of  Washington  recommends  this  procedure  even  in 
cases  of  neuritis. 

Static  electricity  may  also  be  used  as  an  energetic  means 
of  revulsion. 

The  high  frequency  currents  art  in  the  same  way.  They 
may  be  applied  by  means  of  the  condensing  electrode,  or 
with  a  metallic  brush,  or  with  a  charcoal  electrode  passed 
over  the  skin.  This  method  has  given  most  excellent  re- 
sults in  my  own  practice.  The  relief  of  pain  is  rapid,  al- 
though the  improvement  does  not  appear  to  be  so  durable 
as  with  the  galvanic  current. 

Wlien  using  static  electric  sparks  or  high  frequency  ef- 
flcuves,  the  skin  should  be  dried  in  the  same  manner  as  for 
treatment  by  faradic  revidsion. 

396.  Facial  neuralgia  — Trigenuoal  neuralgia. — The 
painful  points  of  i'alUix.  The  Irigcminal  nerve  on  ils  exit 
from  the  gasscrtan  ganglion,  breaks  up  into  tliree  branches, 
the  ophthalmic,  the  superior  maxillary,  and  the  inferior 
maxillary.  In  facial  neuralgia  there  are  a  number  of  espe- 
cially painful  spots.  These  correspond  to  the  points  of  exit 
of  the  nerves  from  the  skull.    Thev  are  also  found  at  the 
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poinU  of  emergence  from  a  muscle  before  the  nerve  enters 
the  skin,  and  in  ccruin  areas  where  the  nen-es  spread  out 
in  the  integument. 

1.  In  neuralgia  of  the  ophthalmic  nerve  a  palpfbra!  pain- 
ful spot  may  be  found  at  the  outer  part  of  the  upper  evelid 
where  tlie  lachrymal  brandi  of  the  ophthalmic  nerve 
emerges.  There  is  a  supra-orbital  point  where  the  frontal 
branch  of  the  ophthalmic  nerve  issues  from  the  supra-orbital 
foramen.  There  is  a  nasal  point  where  the  external  branch 
of  the  nasal  nerve  emerges  at  the  internal  angle  of  the  eye. 
Lastly  there  is  a  nojo-lobular  point  where  the  internal  branch 
of  the  nasal  nerve  expands  over  the  lobe  of  the  nose. 

2.  In  ncuralgia.<i  of  the  superior  maxillary  nerve,  we  get 
the  sub-orbital  point,  at  the  sub-orbital  foramen,  the  malar 
point  where  the  tcntporo-malar  branch  spreads  out  over  the 
cheek,  and  the  dental  points. 

3.  In  neuralgia  of  the  inferior  maxillary,  there  is  ilie 
aurtculo-temporal  point,  where  the  nerve  of  that  name,  hav- 
ing passed  round  tlic  neck  of  the  condyle  of  the  jaw,  divides 
to  supply  the  external  car  and  temple.  We  have  also  the 
spot  over  the  mental  foramen  where  the  dental  nerve 
emerges,  the  dental  points  and  the  lingual  points. 

These  painful  spots  are  shewn  in  Plate  II. 

Two  forms  of  facial  neuralgia  may  be  distinguished.  The 
slighter  form  only  affects  some  fibres  of  the  ophthalmic 
nerve.  A  much  more  serious  variety  is  the  true  "tic  dolo- 
reux"  or  epileptiform  neuralgia  of  Trousseau,  which  is  often 
accompanied  by  spasm.  This,  which  is  a  most  severe  and 
obstinate  affection,  frequently  affects  both  the  superior  attd 
inferior  maxillary  nerves. 

Eleclro-lherapeuties. — The  most  successful  treatment  of 
facial  neuralgia  is  that  by  the  continuous  current.  The 
other  methods  alluded  to  in  the  paragraph  on  general  neu- 
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^!gia  arc  of  inferior  value.  When  Ilie  neuralgia  is  due  to 
general  causes,  sudi  as  paludisiti,  sjpbilis,  diabetes  or  hys- 
teria, the  gtneral  condition  should  be  carefully  attended  to. 
Technique.  A  large  indifferent  cathode  of  300  to  500  sq. 
cm.  is  placed  on  the  nede.  The  active  cathode  should  cover 
the  entire  side  of  the  face,  leaving  apertures  for  the  eye  and 
mouth.     (Fig.  75.) 
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GuUhs  applies  an  active  electrode  3  cm.  in  diameter  to 
each  painful  spot.  This  is  in  accordance  with  tlie  oUIer 
methods  with  this  difference,  tliat  much  stronger  currents 
are  emplc^cd.  Wc  must  remember  that  the  ncr^-c  tissue  itself, 
in  virtue  of  its  great  conductivity,  concentrates  the  lines  of 
flux  between  the  electrodes,  even  when  the  latter  arc  of  con- 
siderable area.  This  condensation  is  increased  by  the  bones 
of  the  cranium,  in  which,  as  Bordicr  sa\-s,  the  foramina  con- 
stitute paths  of  least  resistance.  Thus  the  linos  of  flux  are 
concentrated  like  a  pencil  of  raj-s  around  the  nerves  them- 
selves. 

The  electrode  should  be  most  carefully  applied  in  close 
eontaet  with  the  skin.  The  intensity  may  be  from  50  to  80 
milliampercs  and  the  duration  of  the  seance  45  minutes  to 
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ail  hour,  with  seances  ever)-  day,  or  cvcr>-  other  day.  The 
treatment  i>houl<J  be  cotttinucd  with  somewhat  Ies4  intensity 
aft«r  all  painful  sytni>Ionis  have  disappeared. 

Results. — The  use  of  currents  of  high  intensity  and  long 
duration  have  placed  electricity  in  the  first  rank  as  a  means 
of  treatment  for  facial  ncural^a,  even  in  tlie  severe  forms 
of  tic  doloureux.  It  acts  not  only  as  a  means  for  the  relief 
of  pain,  but  as  a  curative  agent.  It  is  true  that  it  may  fail 
in  certain  cases,  but  the  same  may  be  said  of  every  mode  of 
treatment  In  the  cases  of  apparent  failure,  this  is  prob* 
ably  due  to  sonic  general  cause.  We  may  then  have  re- 
course to  the  olhcr  methods  of  electric  treatnienl,  which, 
however,  are  usually  more  unccrtam  in  their  results,    (365.) 

397.  Neuralgia  of  the  sciatic  nerve. — The  sciatic  nerve 
makes  its  exit  from  the  pelvis  by  the  Rfcatcr  sciatic  notch. 
It  tlicn  lies  on  the  ischialic  spine,  where  it  may  be  com- 
pressed at  the  gluteal  point  through  the  gluteal  muscle*. 
It  next  passes  mid-way  between  the  posterior  border  of  the 
great  trochanter  and  the  ischium,  where  we  find  the  troch- 
anteric point.  In  the  popliteal  space  is  a  third  point,  the 
popliteal  point,  where  the  trunk  divides  into  the  internal  and 
external  popliteal.     There  is  also  a  plantar  point  lower  down. 

Wlien,  as  is  often  the  case,  neuralgia  of  the  sciatic  nerve 
is  due  to  neuritis,  it  may  result  in  muscular  atrophy.  It 
may  then  cause  so-called  crossed  scoliosis,  in  which  the  body 
is  inclined  to  the  opposite  side.  Homologous  seoUosis,  in 
which  the  Ixxiy  is  inclined  to  the  affected  side,  is  much  more 
rarely  met  with.  The  distinction  is  of  importance,  since 
crossed  scoliosis  is  simply  due  to  instinctive  contraction  of 
tl>e  muscles  on  the  healthy  side,  in  order  to  bring  the  weight 
of  the  body  over  to  that  side:  whereas,  if  there  is  homolo- 
gous scoliosis  there  is  contracture  of  the  muscles  on  the 
affected  side. 
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Like  facial  neuralgia,  sciatica  may  be  due  to  ordinary 
causcs,  such  as  exposure  to  cold,  and  this  form  is  jpeedily 
curable.  On  the  other  hand,  it  may  be  due  to  lesions  of  the 
kidney  or  spine,  or  to  general  causes,  sudi  as  gout,  syphihs, 
diabetes,  gonorrhoea  or  tuberculosis.  Electrical  treatment 
alone  is  manifestly  useless  in  a  case  of  sciatica  caused  by 
^-phitis  or  the  compression  of  a  tumour. 

Elfctro'diagnosis, — ^This  may  be  of  use  in  cases  of  atro- 
phic sdatica  due  to  neuritis.     (380,  381.) 

EUclro-therafeutics. — Tlic  best  method  of  treatment  is 
galvanisation.  A  large  indifferent  cathode  of  300  to  500 
tq.  cm.  i»  placed  on  the  loins  or  the  buttocks,  the  patient 
being  in  a  sitting  posturi:.  An  anode  of  150  to  200  sq.  cm. 
should  be  placed  on  the  calf,  or  the  hack  of  the  foot,  or  in 
a  foot  bath.  Intensity  40  to  So  milUaiitperes.  Duration 
of  seance  30  minutes  to  i  hour,  repeated  every  day  or  every 
second  day. 

We  may  keep  in  reserve  tlie  methods  of  revulsion  enum- 
erated in  par.  395.  For  faradic  treatment  tlie  foot  may  be 
placed  on  the  indifferent  electrode,  and  a  metallic  brush 
passed  over  tlic  course  of  the  nerve.  This  procedure  may 
advantageously  replace  the  ordinary  treatment  of  the  ampli- 
cation of  cold  by  means  of  ethyl  chloride. 

Atrophy  of  the  muscles  may  be  treated  by  tlie  galvano- 
faradic  current  as  dc*cribe<l  in  par.  377.  Contracture,  if  it 
occurs,  is  best  combated  by  tlie  galvanic  current. 

398.  Cervico  •  occipital  neuralgia  —  Cervico  -  brachial 
neoralgU — Intercostal  neural^^ — The  galvanic  current 
should  be  employed  at  first,  reserving  revulsive  treatment 
for  a  later  stage. 

In  neuralgia  of  the  cer\'ico-ocdpitaI,  cervico-brachial  or 
intercostal  regions,  the  active  anode  of  50  to  100  sq,  cm. 
5honld  be  placed  on  the  painful  area,  while  the  indifferent 
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catliode  of  200  to  500  sq.  cm.  should  be  placed  od  the  neck 
or  lunil>ar  rt^on.  Intcnsit>'  40  to  80  milliamperes.  Sean- 
ces 30  minutes  to  t  lioiir  every  day,  or  every  other  day.  A 
rapid  result  generally  follows. 

399l  Neuralgia  of  the  ovaries  and  testicles-— Neural- 
gia of  Die  ovary  is  frei^tiently  ntct  with  in  neurotic  females. 
It  is  diaractcriscd  by  paroxysmal  crises  during  which  the 
patient  bends  herself  forward  and  presses  her  hands  on  the 
hypochondrium.  The  pain  irradiates  towards  the  kidneys. 
The  cases  arc  usually  of  a  chronic  nature. 

This  neuralgia  of  ovarian  origin  is  usually  ra[Hdly  cured 
by  (he  application  of  the  conlmuous  current.  Active  anode 
of  60  to  100  wj.  cm.  on  the  ovarian  region.  Large  indiffer- 
ent cathode  of  200  to  500  sq.  cm.  on  the  loins.  Intensity.  40 
to  80  milliamperes.  Duration,  i  hour.  Seances  every  day, 
or  every  sccotid  day. 

Ncuralgiii  of  the  testicle  may  be  treated  in  tlic  same 
manner,  the  cathode  bcin^  placed  on  the  loins  while  an 
nnode,  well  covered  with  cotton  wool,  is  applied  to  the 
scrotum.  Intensity.  20  to  JO  milliamperes.  Duration  not 
to  exceed  jo  minutes.  Seances  every  day,  or  every  o^er 
day. 

400.  Paresthesic  meralgia. — This  is  an  affection  of  the 
anterior -crura  I  nerve.  Ihc  patient  complains  of  numbness 
ntid  formication  of  the  front  and  outside  of  the  thigh.  The 
skin  is  hot,  insensible  and  of  a  violet  colour.  In  some  cases 
there  are  symptoms  of  neuritis. 

Galvanisation  may  be  employed,  with  an  anode  of  100  to 
300  sq.  cm.  placed  on  lli<^  ]Kiiinfi)I  area,  and  a  cathode  of 
200  to  500  sq.  cm.  on  the  loms. 

Intensity,  20  to  60  milliamperes.  Duration,  15  to  7$ 
minutes.    Seances  every  second  day. 

Borditr,  who  has  treated  three  cases  of  paresthesic  me- 
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ralgia,  advises  the  use  of  high  frequency  currents,  by  means 
of  a  stimulating  clectrotlc  consisting  of  a  few  sJiccts  of 
metallic  foil,  connected  to  lite  resooator  so  as  to  produce 
sparking.    Two  or  throe  seances  may  be  given  eadi  week. 

401.  Migraine. — This  is  usually  a  manik'Station  of  the 
arthritic  diathesis,  or  it  may  be  a  concomitant  of  dyspepsia 
or  dysmenorrfaoea.  According  to  Boucltard,  migraine  is  a 
"painful  affection  of  the  head,  eilhcr  unilateral  or  bilateral, 
affecting  the  upper  branches  of  the  Irigcmiiial  or  occipital 
ncn'cs,  sometimes  involving  the  ciliary  nerves,  and  the 
c^tic  and  auditory  nerves,  and  occasionally  the  vagus;  the 
wliole  being  accompanied  by  encephalopathy  and  spasm  or 
paralysis  of  the  cervical  sympathetic."  Wc  place  this  affec- 
tion among  the  neuralgias,  because  it  has  some  symptoms 
in  common  with  them,  and  the  indications  for  trealmcnt 
arc  similar.  Moreover  some  idiopathic  neuralgias  are  rheu- 
matismal  or  arthritic  in  tlieir  origin.  Tlierc  is,  Iwwcver, 
one  great  difference  between  migraine  and  neuralgia.  The 
continuous  current  which  is  curative  for  the  latter  is  in 
most  cases  useless  for  migraine. 

Eleelro-diagnosis. — In  this  affection  some  observers  have 
noticed  an  increase  of  the  electrical  resistance  of  tlie  head, 
or  an  inequality  of  the  resistance  on  the  right  and  left  sides. 
Even  if  this  observation  were  well  estabUshed  it  would  not 
appear  to  be  of  any  great  importance. 

ElcttTO'tStcrapcutics. — I.  Static  electricity  is  the  best 
treatment  for  i<liopathic  migraine.  Tlie  patient  is  insubted 
by  means  of  a  platform  with  glass  legs.  He  is  then  con- 
nected to  the  positive  pole  of  a  powerful  machine,  the  nega- 
tive pole  being  earthed.  A  static  discharge  from  a  pointed 
electrode  may  be  directed  on  the  more  painful  spots,  and 
Truchofs  electrode  may  be  placed  over  the  head.  The 
pointed  electrode  and  Truchofs  electrode  sliould  both  be 
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earthed.    Duration,  so  to  30  minutes  every  day,  or  every 
sccord  day, 

3.  Galvanism  of  the  sympathetic  may  also  be  used.  The 
active  negative  electrode  is  appliwi  to  the  superior  cerrical 
f^nglion  of  the  sympathetic,  at  the  anterior  border  of  the 
stemomastoid,  the  indifferent  anode  being  appHod  to  the 
neck,  ^fuller  recommends  this  method  when  migrnine  i» 
accompanied  b>-  pallor  and  dilatation  of  the  pupil.  He  gives 
a  seance  of  3  minutes'  duration  every  day,  with  an  intensity 
of  2  miltiamperes.  Where  there  is  redness  of  the  face  and 
contracted  pupils,  he  gives  an  application  of  only  30  to  40 
seconds  with  an  intensity  of  1  milliamperc.  These  numben- 
are  given  solely  on  MUllfr's  authority. 

Laral  has  seen  good  results  follow  faradisation  of  the 
stomach,  in  cases  of  dyspeptic  migraine. 

C — Diseases  of  the  Spinai.  Coro. 
Chronic  myelitis — Sclerosis— A cntc  myeliris. 

402.  Affections  of  the  spinal  cord. — In  diseases  of  the 
spinal  cord  affecting  the  peripheral  motor  system,  electro- 
therapy is  particularly  indicated,  since  it  affects  paralysed 
muscles  as  well  as  those  which  are  only  functionally  af- 
fected. 

Among  diseases  which  come  more  particularly  im<Ier  the 
notice  of  the  medical  electrician  is  tabes,  a  chronic  lesion 
of  tlie  cerebro>spinal  system  which  we  can  hardly  hope  to 
cure,  but  which  we  may  ameliorate. 

Friedreich's  disease  is  also  a  cercbro-spinal  lesion,  in 
which  some  of  the  symptoms  may  be  relieved  by  electric 
treatment. 

We  may  also  be  called  on  to  treat  some  of  the  diseases 
resulting  from  a  chronic  lesion  of  the  cells  of  the  anterior 
comua  of  the  conl,  resulting  in  muscular  atrophy.    Among 
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^bese  is  the  we1I-kn<m-n  type  of  prc^ressive  muscular  atrophy 
of  AraH'Duthenne, 

The  muscular  atrophy  and  the  anesthesia  which  accom- 
pany syringomyelilia  may  al&o  be  treated  with  electricity. 

Little's  disease  is  also  amenable  to  electricity  aided  by 
rational  gymnastics. 

Among  acute  mcdullar>'  affections  amenable  to  electric 
treatment  are  the  various  forms  of  poliomyelitis,  affecting 
the  trophic  centres  of  the  muscle*  in  the  anterior  comiia. 
'ITic  two  most  coiimion  forms  are  the  acute  pi>liomyeliti»  of 
infancy,  and  the  acute  anterior  poliomyelitis  of  tlic  adult 

In  addition  to  these  affections,  there  arc  several  other 
forms  of  sclerosis  with  varjing  clinical  symptoms,  in  some 
of  which  electricity  may  be  found  useful. 


403.  Tabes  dorsalis — Progressive  locomotor  ataxy.— 
There  is  of  late  too  great  a  tendency  to  regard  tabes  as  a 
disease  against  which  electrotherapy,  in  common  with  all 
other  treatment,  is  necessarily  powerless.  Tabes  is  not  in- 
variably fatal-  Although  wc  may  be  unable  to  act  on  the 
sclerosed  tissue,  there  is  a  stage  when  the  disease  has  as 
yet  only  attacked  the  capillaries.  Even  after  the  disease 
has  invaded  tlic  posterior  columns  of  the  cord  tlK  axis 
cylinders  of  the  nerves  may  still  remain  intact.  {Bouchard.) 
In  this  stage,  according  to  Onimus,  electricity  may  be  of 
great  scr%-ice.  Even  when  the  dinease  has  progressed  stilt 
further  towards  its  fatal  tcrininaiion.  there  are  successive 
processes  of  degeneration,  secondary  invasions,  and  con- 
secutive attacks  of  neuritis,  in  which  electric  treatment  may 
be  of  serxicc.  Tabes,  therefore,  must  not  be  considtrcd  as 
one  of  those  diseases  in  which  elcciro-therapcuHc  treatment 
offers  hut  a  temporary  amelioration.  It  may  be  usefn!  at 
_^any  stage,  but  more  particularly  in  the  earlier  ones. 

We  must  refer  our  readers  to  the  special  treatises  on 
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palholog)'  for  a  further  study  of  tliis  dUcasc,  the  protaean 
forms  of  which  itiiist  be  thoroughly  iinderslood  hefon:  we 
can  apply  a  rational  treatmcHt  with  hope  of  success.  We 
shall  allude  here  only  to  those  points  which  are  of  special 
interest  for  elect  ro-therapeulic  treatment. 

In  the  early  slage  of  tabes,  the  disease  attacks  the  medul- 
lary prolongations  of  the  posterior  roots  of  the  spinal  nerves. 
These,  together  with  the  commissural  fibres  of  the  poMcrior 
horns,  fonn  the  culumns  of  Burdach.  Besides  this  variety 
of  sclerosis,  which  is  confined  more  particularly  to  the 
lumbar  region,  we  find  lesions  of  tlie  commissural  fibres 
which  fonn  the  columns  of  Coll.  Higher  up,  in  the  floor  of 
the  4th  ventricle,  continuous  with  the  sclerosis  of  the  col- 
umn of  Burdach,  we  find  lesions  of  the  sensitive  nuclei  of 
various  mixed  nerves,  the  ascending  root  of  the  5th,  the 
nuclei  of  the  restiform  Ijody.  etc.  Tlic  abolition  of  tlie 
reflexes  and  the  shooting  pains  in  the  lower  limbs,  which 
are  so  mariced  a  feature  in  the  earlier  stages  of  tabes,  arc 
due  to  these  primary  medullary  lesions.  In  this  stage,  the 
continuous  current  gives  very  good  results,  since  the  pain 
is  due  to  a  process  of  irritation  of  the  posterior  roots,  akin 
to  that  of  neuritis.  Moreover,  certain  symptoms  of  the  find 
period  of  tabes  are  due  to  a  veritable  neuritis.  Among 
these  arc  the  visceral  pains,  the  transient  paralysis  of  the 
3d.  4th  and  lith  ocular  nerves,  the  laryngeal  symptoms,  and 
the  spasm  of  ilic  glottis  due  to  neuritis  of  tlic  laryngeal  and 
pneumogastric  nerves.  The  atrophy  of  the  optic  nerve, 
which  often  ends  in  blindness,  is  also  a  neuritis.  Some  of 
the  early  symptoms  of  tabes  are  also  due  to  invasion  of  the 
spinal  roots  of  the  sympathetic.  This  explains  the  good 
results  obtained  by  galvanisation  of  the  sympathetic.  (Oni- 
mns.) 

In  the  eariy  pertod.  Ihe  anterior  cnnma  of  the  cord  and 
iIk  neuro-motor  svstwn  arc  not  affected,  and  tlie  muscles 
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preserve  their  original  force.  The  muscles  iittlec)  nre  in  » 
ttMe  of  hyperactivity,  which  OnimiU  designates  "contrac- 
ttirie."  This  may  be  seen  in  the  wa\'  a  tabetic  patient  exe- 
cutes a  n)Oveiitent.  He  employs  far  more  energy  llian  nec- 
essary, but  without  measure  or  coordination.  It  would 
therefore  be  a  grave  mistake  tu  altcinpt  to  strengthen  the 
muscles  by  exercise,  under  the  (al.-^  impression  that  the 
muscles  arc  weak  because  the  paiiem  cannot  remain  u{>- 
right.  Later  on,  when  llic  anterior  horns  are  affected  and 
there  is  true  muttcular  atropliy  during  the  period  of  cachexia, 
we  might  perhaps  try  faradic  stimulation,  but  it  will  be  sel- 
dom of  any  advantage. 

Electro-diagnosis  and  radio-diagnosis. — Electro-diagnosis 
is  of  but  little  use  in  tabes.  SvTnptoms  of  DR  appear  only 
after  the  cells  of  the  anterior  comua  arc  attacked,  and  the 
neuromotor  system  is  secondarily  atTected. 

Radio-diagnosis  may  give  useful  information  concerning 
the  state  of  the  osseous  and  anicutar  systems.  In  some  cases 
we  find  rarefaction  and  disappearance  of  the  osseous  tissue 
of  the  ends  of  the  bones,  together  with  osteophytes  invading 
the  articular  regions.  The  destruction  of  osseous  tissue  may 
involve  the  diaphysis.  Radioscoptc  examination  will  often 
demonstrate  these  anomalies  of  the  articulations  due  to 
osseous  neoformation. 

E!tctro-thtrapeHtics,~Op»»fni  as  to  the  value  of  electric 
treatment  differ.  On  the  one  side  we  find  most  favourable 
statistics  like  those  of  I.eura>tdowski.  and  authors  tike  Oni- 
mus.  who  arc  convinced  of  the  utility  of  the  treatment,  while 
on  the  other  hand  many  amboritics  arc  completely  sceptica] 
as  to  the  value  of  electricity  in  any  form. 

What  wc  have  said  as  to  the  treatment  in  different  Bt^;es 
of  the  disease  will  explain  tlicsc  divergences  of  opinion. 

Electricity  is  of  service  only  in  certain  lesions  and  symp- 
toms of  the  early  stage,  or  to  alleviate  neuritis  and  otlier 
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secondary  lesions  in  their  inc:«ptiofi.  On  account  of  OUf 
ignorance  of  the  exact  pathological  anatomy  of  tlie  disease, 
it  is  difficult  to  define  accurately  tlie  cases  in  which  electro- 
therapeutic  treatment  is  indicated. 

The  method  of  application  in  a  case  of  tabes  is  galvani- , 
sation  of  the  spinal  cord.    Originally  Ontmus  practised  gal- 
vanisation of  tlie  limbs,  with  one  electrode  on  the  lumbar 
rcffion,  but  he  abandoned  this  mode  of  treatment  to  localise 
the  current  on  the  spinal  cord. 

He  attaclies  great  importance  to  the  direction  of  the  cur- 
rent, although  most  authors  use  the  ascending  or  descending 
current  indifferently.     {Tessier  of  Lyon.) 

The  following  is.  in  my  opinion,  the  best  means  of  treat* 
ing  tabes.  At  the  commencement,  when  there  are  shooting 
pains  in  the  legs,  galvanism  should  be  employed.  A  lar^ 
indifferent  anode  of  300  or  400  sq.  cm.  should  be  applied 
to  the  neck,  while  a  Large  catliodc  of  130  sq.  cm.  sbouldi 
be  placed  under  the  thigh  or  calf  of  each  leg.  The  catbodesl 
on  both  legs  should  be  electrically  connected,  and  the  cur- 
rent .thoutd  be  of  10  to  40  miliiamperes  applied  for  10 
minutes. 

After  this  the  spinal  cord  may  be  galvanised  for  5  to  10 
minutes  by  placing  the  cathode  on  the  sacrum.  The  seance 
may  be  terminated  by  ^Ivanisation  of  the  cervical  sympa- 
thetics,  the  active  cathode  of  10  sq.  cm.  being  applied  to  tlie 
border  of  the  sterno-mastoiJ,  The  current  should  not  ex- 
ceed to  miliiamperes,  and  should  be  applied  for  5  minutes. 
According  as  the  <liKase  is  a  tabes  superior  or  inferior, 
the  upper  or  lower  part  of  the  spine  should  be  treated  for 
a  longer  or  shorter  time.  In  opposition  to  the  opinion  of 
Onimus,  I  use  galvanisation  of  the  lower  limbs.  Two  caseti 
which  I  had  treated  by  spinal  galvanisation  without  fiiccess 
were  greatly  relieved  when  the  cathodes  were  removed 
to  the  thighs. 
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When  wc  have  to  treat  attacks  of  viscera)  or  pracordial 
pain,  a  large  cathode  may  be  placed  over  the  solar  plexus, 
with  an  indifferent  anode  on  the  neck. 

The  best  mode  of  applying  the  current  may  be  determined 
experimentally  since  the  course  of  treatment  for  tabet  is 
usually  of  considerable  duration. 

When  muscular  atropjiy  has  set  in,  the  affected  muscles 
may  be  treated  by  gal vano- faradisation.  I  usually  place  the 
indifferent  anode  on  tlie  proximal  end  of  the  limb,  ratlier 
than  on  the  neck  or  lumbar  region. 

404.  Friedreich's  disease. — Both  in  its  symptoms  and 
its  pathological  anatomy  this  disease  has  many  points  of  re- 
semblance with  tabes.  There  is  incoordination  of  the  mus- 
cles of  progression,  and  sclerosis  of  the  columns  of  Coll 
and  Burdach.  It  differs  from  tabe«,  however,  in  the  fact 
that  tlie  cerebellar  tracts  are  affected,  while  the  heavy 
irregular  gait  is  not  that  of  tabes.  Pain  is  very  rarely 
present,  and  muscular  atrophy  is  usually  absent.  The  prin- 
cipal symptoms  are  trembling  and  choreiform  movements, 
with  disturbance  of  the  speech  and  of  the  ocular  muscles. 

Treatment  consists  in  the  application  of  the  continuous 
current  as  for  locomotor  ataxy.     (405.) 

405.  Progressive  muscular  atrophy — Disease  of  Aran- 
Duchenne. — ^Tliis  disease,  which  is  due  to  lesions  of  the 
anterior  comua,  is  a  typical  muscular  atrophy  of  medullary 
origin. 

When  the  cells  of  the  anterior  comua  arc  affected  we 
may  expect  to  sec  muscular  atrophy  of  the  corresponding 
territory.  Thus  in  diffuse  myelitis,  or  circumscribed  sclero- 
sis, atrophy  appears  as  soon  as  the  anterior  comua  are 
affected.  Arait-Duchenne's  disease  is  a  well-defined  morbid 
entity,  which  may  serve  as  the  clinical  type  of  all  muscular 
atrophies  of  medullary  origin. 
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It  commonccs  by  atrophy  of  tlic  abductor  brevis  pollic'S. 
and  invades  successively  the  hand,  the  arm  and  lite  trunk. 
Finally,  in  five  to  ten  years,  it  attacks  the  muscles  of  respira< 
tion  and  deglutition. 

There  is  another  wcll-dcfincd  Ijpc  of  atrophy,  Mmmendnp 
with  the  muscles  of  the  shoiitdt-r,  which  is  also  due  to  leau'flS 
of  the  anterior  coniua.  Tliis  is  the  scapulo-huineral  type 
described  by  Viilpian.  When  the  lesion  of  the  anterior  cor- 
niia  progresses  upwards  and  atlackn  the  nuclei  of  the  pon^ 
and  medulla,  wc  get  bulbar  paralysis  anil  external  ophlhal- 
mople^o,  but  the  muscles  of  the  face  are  not  affected. 
When  we  meet  with  a  case  of  progressive  atrophy  of  the 
facial  muscles,  it  is  probably  due  to  a  primary  myopathy, 
the  progressive  atrophic  myopathy  of  Landousy-Dejerine. 
Electro-diagnosis  will  set  all  doubts  at  rest  on  this  matter. 

Eicclro'dioxnosit. — As  wc  have  seen,  the  reaction  of  de- 
generation is  charactcrislic  of  affections  in  which  the  myo- 
pathy is  due  to  lesion  of  the  nerve  substance,  as  in  neuritis, 
acute  myelitis,  and  sclerosi»t.  It  is  nut  met  with  in  primitive 
myopathy,  or  in  myopathy  of  cerebral  origin,  imlesx  the 
spinal   cord    is   involved. 

In  cases  of  doubt  as  to  the  nature  of  a  myojiathy,  one 
should  always  test  for  DR  of  the  affected  muscles.  This 
should  be  done  whether  the  case  presents  the  sym|>toms  of 
the  progressive  muscubr  atrophy  of  Aran-DnchfHnc.  or  the 
scapulo-humeral  type  of  Vulpian,  or  any  other  form  in  which 
the  anterior  cornua  arc  affected.  Tn  these  cases  the  DR 
is  always  an  early  symptom  preceding  the  visible  atrophy. 
It  is  moreover  always  accompanied  by  slowness  of  the 
muscular  response.  In  myopathy  of  medullary  origin,  the 
electrical  resistance  is  increased,  contrary  to  what  is  ob- 
served in  primary  myopathy. 

EUetro-fhrcapeulics. — .\lthough   llierc   is  no  great   pro- 
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ct  of  cure,  electricity  is  a  valuable  aid  both  for  the  treat- 
it  of  the  nervous  lesion  and  as  a  means  of  preventing 
muscular  atrophy  by  means  of  muscular  gymnastics. 

As  in  tabes,  the  spinal  cord  should  be  galvanised  by 
means  of  an  ascending  current.  A  large  electrode  should  be 
placed  on  the  neck  and  another  on  the  lumbar  region.  Iih 
tensity,  lo  to  40  milliampcres.  Duration,  10  minutes. 
Seances  every  other  day.  It  is  important  also  to  galvanise 
the  nerves  of  the  affected  limb,  placing  a  large  cathode  on 
the  hand,  and  another  on  the  spine  in  the  upper  dorsal 
region — 10  to  40  milliampcres.    Duration,  lo  minutes. 

The  muscular  atrophy  should  not  be  neglected,  but  as  in 
tabes,  the  cord  should  nut  be  irritated  by  ttic  variable  state 
of  the  faradic  current.  The  muscles  should  be  exercised  by 
placing  a  lai^  indifferent  anode  on  the  arm  or  forearm,  and 
exciting  the  muscles  by  galvano-faradisation  at  their  motor 
point,  or  at  the  insertion  of  the  distal  tendon,  the  point  of 
longitudinal  reaction.  If  the  muscle  does  not  respond,  we 
may  increase  tlie  stimulus  by  using  a  metallic  brush,  inter* 
rupting  the  current  by  means  of  a  metronome. 

406.  Sjrringomyelitis. — This  affectior  is  usually  due  to 
a  glioma  of  the  posterior  part  of  the  cord,  resulting  in  a 
cavitj',  or  lo  a  myelitis,  or  to  some  malfonnatioti  of  the  cord, 
Syringomyelitis  is  very  variable  in  its  clinical  aspect.  It  is 
characterised  by  areas  of  ana:sthesia,  more  especially  anaeft* 
ihesia  to  heat  and  to  pain,  while  the  sensations  of  touch  arc 
unimpaired.  It  is  aUo  accompanied  by  motor  troubles,  anal- 
ogous to  those  of  progressive  muscular  atrophy. 

Electro-diagnosis  and  radio-diagnosis. — Electro-diagnosis 
is  only  of  scr\-ice  in  testing  muscles  which  are  beginning  to  be 
atrc^hied.  W't  may  test  for  DR.  although  it  is  difTicalt  to 
diagnote  S)-ringomyelitis  if  the  cJiaracteristic  affeaions  of 
sensibility  are  not  recognised. 
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Tlie  X-rays  will  help  us  to  determine  the  state  of  the  artic- 
ular  and  osseous  system.  In  certain  cases  there  is  pro* 
gressive  destruction  of  the  ends  of  the  bones,  with  disap- 
pearance of  the  articulation,  in  the  shoulder  or  elbow  for 
instance. 

Eledro-lkerapevlics. — Tlie  treatment  i«  the  same  as  for 
progressive  muscular  atrophy.  Borditr  recommends  gal* 
vanisation  of  the  spine,  with  a  current  of  60  to  too  n^- 
ampcrcs. 

407.  Little's  disease. — Liltte's  disease  is  most  often 
due  to  an  arrest  of  devcloi^mcnt  of  the  pyramidal  tracts. 
In  its  clinical  aspect  it  is  a  spasmodic  paeuilo-paralysis  with- 
out muscular  atrophy.  On  testing  the  muscles  the  reactions 
are  found  intact,  while  occasionally  there  is  tetanic  exagger- 
ation of  their  contractility.  The  electric  treatment  consists 
of  a  rational  muscular  gymnastics  under  the  faradic  stimu- 
latioa  of  the  muscles. 

408.  Acute  diffuse  myelitis — acute  myelitis — acute 
poliomyelitis  of  infancy — acute  anterior  poliomyelitis  of 
the  adult. — Acute  myelitis  may  be  diffuse  or  limited  to  a 
certain  region  of  the  cord. 

We  need  not  linger  over  the  consideration  of  diffuse 
sculc  myelitis,  since  it  does  not  come  under  the  notice  of 
the  mt-ilical  electrician  except  as  r^;ards  tlie  paralysis  or 
mtiscular  atrophy  which  follows  it. 

In  the  second  category  there  arc  two  tj-pcs  which  more 
particularly  interest  us,  the  acute  poliomyelitis  of  infancy,  or 
spina)  infantile  paralysis,  and  acute  poliomyelitis  in  the 
adult.  Both  of  these  diseases  are  characterised  by  acute 
lesion  of  the  anterior  corntia. 

Infantile  sfitsal  paralysis  is  very  common,  and  the  prac- 
titioner is  often  called  on  to  advise  as  to  electrical  treat- 
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We  shall,  therefore,  take  this  disease  as  the  type  of 
I  group. 

It  is  a  disease  of  early  infancy,  occurring  in  chitdrm  from 
one  to  three  years  of  age.  It  commences  with  a  febrile  period, 
often  of  very  short  duration,  which  is  sometin>es  accom- 
panied by  contracture.  At  the  first  onset  of  the  paralysis,  all 
the  affected  muscles  arc  attacked  at  the  same  time.  Some 
of  them  gradually  recover,  till  at  the  end  of  4  to  6  months 
the  disease  is  localized  only  in  certain  muscles,  such  as  the 
extensor  communis  digitorum,  llic  pcronei.  the  anterior 
tibial,  the  triceps  or  the  <]eltoid. 

In  consequence  of  the  paralysis  the  muscles  become  atro- 
phied, and  subsequently  the  osseous  system  may  participate 
in  the  deformity,  which  in  its  more  accentuated  form  is  met 
with  in  the  "cul-de-jatte." 

The  adult  form  of  acute  poliomyelitis,  although  not  so 
definite  in  its  symptoms,  has  the  same  clinical  history. 

EUctro-diaguosis. — In  poliomyelitis  the  question  of  elec- 
tro-diagnoisis  is  of  importance,  since  a  careful  testing  of 
the  muscles  is  necessary  in  order  to  dctcmiinc  the  prog- 
nosis. An  interval  of  a  fortnight  should  elapse  after  the 
acute  attack,  before  proceeding  to  the  exploration  of  the 
muscles,  for  tlie  results  are  very  ttncertain  at  an  earlier 
date. 

In  testing  a  paralysed  muscle,  we  may  only  find  a  diminu- 

of  its   faradic  excitability,  without  inversion  of  the 

'galvanic  formula,   KCC  and   .■VCC  being  merely  brought 

nearer  together.    In  this  case  we  may  affirm  that  the  muscle 

will  regain  its  power  within  a  period  of  3  to  5  weeks. 

It  may  be  that  we  discover  complete  abolition  of  the 
faradic  excitability,  with  slowness  of  response  and  partial 
inversion  of  the  formula,  ACC  >  KCC.  In  this  case,  the 
prognosis  is  more  serious,  but  we  may  still  hope  for  good 
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results  from  electrical  ireatmciiL  A  cure  may  be  ex- 
pected in  from  3  to  6  inontlis. 

If.  on  the  other  hand,  the  muscle  sltew«  complete  DR,  or 
only  loTtgiUtiJiiial  reaction,  tlic  atrophy  is  fat^l. 

Ill  acute  spinal  paralysis,  there  is  considerable  increase 
of  the  electrical  resistance,  but  this  is  quickly  altered  by  the 
passage  of  the  current.  This  fact  must  be  taken  into  con- 
sideration in  conjunction  with  the  fall  in  temperature  of 
llic  paral>'sed  Itmb.  As  Leduc  has  proved  in  his  experi- 
ments, the  fall  in  resistance  is  not  wholly  accounted  for 
cither  by  the  fall  in  temperature,  or  by  the  state  of  byper- 
lemia  of  the  integument.  It  is  due  to  an  increase  of  the 
ionic  transmission  of  tlie  current  in  an  inte^uiient  which 
has  become  gradually  more  hyperxmic  and  warmer. 

In  infantile  paralysis,  radio-diagnosis  may  also  assist  tis 
in  an  examination  of  the  bones,  which  undergo  trophic 
changes,  becoming  smaller,  and  having  their  articular  ex- 
tremities more  rounded. 

Eleelro-therapeuiies. — Electrical  treatment  is  most  use- 
ful in  spinal  paralysis.  Of  this  we  have  repeatedly  assured 
ourselves  during  the  course  of  an  epidemic  of  infantile 
paralysis.  The  children  who  had  been  electrically  treated 
furnished  a  contingent  of  cases,  either  cured  or  improved. 
in  a  proportion  far  larger  than  those  who  had  been  left 
untreated. 

In  all  cases  of  acute  mycliti.s  it  should  be  the  rule  not 
to  commence  treatment  till  after  the  febrile  period  has 
passed.  It  is  useless,  howc\-er,  to  wait  for  weeks  before 
commencing  galvanic  treatment. 

.^s  soon  as  symptoms  of  paralysis  are  noticed,  galvanisa- 
tion by  means  of  the  continuous  current  should  be  begun 
at  once.  A  large  cathode  of  100  to  200  sq.  cm.  is  placed 
over  the  portion  of  the  cord  affected,  and  an  anode  of  40 


VtStO-JtVKVUtZ  WD  MCUaO-SEXStTIVt  xvxtms 


3flT 


to  lOO  9q.  cm.  oil  the  group  o(  muscles  affected.  Intensity, 
lO  to  25  milliampcrcs. — Duration,  10  minutes. — Seances 
every  day  or  every  other  day. — Loral  use*  a  dcsceitUing 
corrent  of  8  to  12  milliamperes. 

Two  or  three  weeks  after  tlie  termination  of  the  febrile 
period,  the  ittmulation  of  the  paralysed  muscles  may  be 
b^in.  When  the  muscle  reacts  to  the  faradic  current, 
the  rhythmic  galvano-faradic  current  may  be  chosen.  If 
that  is  not  available  a  continuous  current  tnay  be  used, 
with  a  inetronome  to  produce  interruptions.  The  active 
electrode  should  be  placed  on  the  motor  point  of 
the  muscle.  In  cases  where  the  motor  point  is  rlisplacvd 
(in  the  longitudinal  reaction  of  Remak-Doumer}  ilie  active 
electrode  ihould  be  applied  to  the  junction  of  the  muscle 
with  its  distal  tendon.  For  tliis  part  of  the  treatment, 
which  consists  solely  in  exciting  the  muscular  hbrc,  I  usually 
place  the  indifferent  electrode  at  the  junction  of  the  limb 
with  llic  trunk,  rather  than  on  the  spine.  The  seances 
should  be  short,  especially  at  the  commencement  of  treat- 
ment. All  fatigue  of  the  muscle  should  be  studiously 
avoided,  each  group  being  exercised  for  from  3  to  5  minutes 
only. 

In  a  short  time,  wc  sec  a  very  appreciable  improvement 
in  the  function  of  the  muscle.  The  temperature  rises  and 
becomes  nearly  normal.  The  duration  of  treatment  is  very 
variable  and  may  in  severe  cases  last  for  several  years.  The 
frequency  of  the  seances  may  be  gradually  reduced,  and 
during  the  second  year,  wc  may  give  only  two  seances  per 
week,  with  intervals  of  repose. 

The  same  rules  hold  good  with  regard  to  anterior  polio- 
myelitis of  the  adult. 

D.    Diseases  of  the  Meduixa  Oblokgata,  thb  Pons  and 
Cerf.bkij-um. 

409.    Diseases  of  the  medulla  and  pons. — There  is  not 
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mudi  to  be  said  on  this  group  of  diseases.  Th«  tesions  of 
the  medulla  oblongata  and  pons  are  often  merely  pro* 
longatioas  upwards  of  myelitis  or  sclerosis  of  the  cord. 
The  lesions  most  freqiKntl)'  met  with  are  bulbar  paralj'sis 
and  nuclear  ophthalmoplegia.  Both  of  these  arc  due  to 
chronic  lesions  of  the  nuclei,  which  are  the  homologues  of 
the  anterior  comua  of  the  cord. 

It  is  possible  that  in  some  cases  electricity  may  be  of 
service,  althougli  up  to  the  present  time  there  are  no 
statistics  available  on  the  subject.  Ail  that  we  can  say 
is  that  the  chronic  affections  of  the  medtilla  oblongata  and 
pons  are  similar  to  those  of  progressive  muscular  atrophy, 
in  which  electrical  treatment  plays  a  most  important  role. 

We  are  not  able  to  say  anything  concerning  the  clectricit 
treatment  of  cerebellar  disease. 

E.    Diseases  op  the  Excephai^k. 

410.  Electrical  treatment  of  disease  of  the  encephalon. 
— Among  tlic  various  diseases  o£  the  brain,  congestion, 
hemorrhage,  softening,  inflammation  and  tiunours,  hxmor- 
rhagc  alone  has  been  treated  by  electrical  methods. 

In  cerebral  discisc,  electricity  addresses  itself  to  syntp- 
toms  and  not  directly  to  the  lesion.  Since  the  symptoms  of 
the  various  lesions  are  chiefly  due  to  softening  and  hfemor- 
rhagc,  wc  shall  deal  only  with  these. 

411.  Cerebral  haemorrhage  —  Hemiplegia. —  Cerebral 
haemorrhage  is  almost  always  caused  by  the  rupture  of  a 
miliary  aneiu-lsm.  These  arc  usually  due  to  hereditary 
causes,  alcoholism,  gout,  diabetes.  Briglil's  disease,  or  syph- 
ilis. Atheroma  plays  quite  a  subordinate  part.  A  miliary 
aneurism  arises  in  one  of  the  smaller  vessels  from  a  peri- 
arteritis with  muscular  atrophy,  whereas  atheromatous 
lesions  commence  with  endarteritis.  The  clinical  symptoms 
vary  greatly,  according  to  the  site  of  the  cerebral  h«mor- 
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Apoplexy  is  due  to  inundation  of  the  ventricles,  or 
in  certain  cases  may  be  the  result  of  a  reflex  blow  or  im* 
presston. 

Muscular  contracture  somedmes  ccctirs  as  sn  immediate 
result.  This  early  contracture,  differing  in  its  nature  from 
the  secondary  contracture  due  to  sclerosis,  is  not  amenable 
to  treatment,  and  disappears  of  its  own  accord. 

More  frequent  than  apoplexy  or  early  muiicular  contrac- 
ture is  hemiplegia,  the  one-sided  paralysis  which  is  the 
invariable  concomitant  of  cerebral  ha^mo^rhage.  The 
hemipl^a  is  invariably  on  the  side  opposite  to  the  cerebral 
lesion.  \S'hen  the  left  side  is  paralysed,  we  know  lliat  the 
right  cerebral  hemisphere  is  affected,  and  vice  versa.  If 
there  is  an  alternate  hemiplegia,  with  the  face  paralysed  on 
one  side  and  the  limbs  on  the  oppoMto,  side,  wc  may  be  cer- 
tain  that  the  lesion  is  either  in  the  pons  or  the  medulla 
obhMigata.  These  indications  are  of  importance  to  the 
medical  electrician,  since  he  must  treat  the  seat  of  the 
lesion  as  well  a*  the  paralysis.  We  may  also  note  that 
in  hxnmrrhagic  heinipl^a  of  the  face,  the  orbicularis 
palpebrarum  is  parahscd,  whereas  it  is  unaffected  in  peripli» 
eral  paralysis  of  the  facial  nerve. 

It  is  rare  to  find  hcini-anjcsthcsia  in  cases  of  cereal 
haemorrhage,  and  when  it  occurs  it  needs  no  intervention. 

The  early  symptoms  of  cerebral  li.'cmorrhage  then,  are 
apc^Iexy,  early  muscular  contracture  and  hemiplegia.  The 
secondary  symptom  of  greatest  importance  tfi  the  medical 
electrician  is  the  later  muscular  contracture.  It  is  often 
adduced  as  a  reproach  to  the  electrical  trenlment  of  hemi- 
plegia that  it  is  apt  to  be  followed  by  incurable  contrac- 
ture. It  may  be  useful  to  recall  the  genesis  of  these  con- 
tractures, as  we  need  to  be  always  on  our  guard  as  to  the 
possibility  of  their  appearance.  In  tlie  early  sL-iges,  the 
walls  of  the  haemorrhagic  focus  are  formed  by  normal 
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cerebral  lis»iie,  which  is  more  or  less  torn  and 
aside.     Later  on,  this  tissue  becomes  sclerosed. 
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If  this 


sclerosis  invades  the  pyramidal  tract  in  any   part   of  i^ 
course,  a  descending  s<:Iero«is  is  produced,  with  resulting 
muscular    contracture.      The    tnedical    electrician     should 
therefore  always  warn  the  friends  of  the  patient  of  the 
possibility  of  this  contracture.    By  carefully  watching  thc^ 
reflexes  he  may  have  warning  of  its  approach  some  tin 
before  its  occurrence.    If,  two  or  three  weeks  after  a  strc 
we  find  exaggerated  reflexes,  we  may  be  sure  that  con- 
tracture is  imminent.    The  flexors  of  the  arms  are  the  first 
to  be  attacked.     When  there  is  contracture  of  the   fac^H 
the  healthy  side  appears  flabby  in  comparison.    The  featur^l 
are  drawn  towards  the  affected  side,  and  we  may  easily  miS' 
take  tlic  condition  for  a  paralysis  of  the  opposite  side,    Tl 
muscles  affected  with  contracture  arc  frequently  the  scat 
trembling  or  choreic  movements,  which  are  only  produce 
in  tite  course  of  voluntary  movements. 

The  sclerosis  may  not  stop  at  the  pjTamidal  tract, 
cells  of  the  anterior  comua  of  the  cord  may  be  attacked. 
In  this  case  there  will  be  wasting  of  tlie  muscles  tike  that 
in  progressive  muscular  atrophy.  Tlie  atrophy  may  affect 
the  various  groups  of  muscles  in  a  ver)'  irregular  manner, 
and  is  often  difficult  to  detect.  On  account  of  the  paralysis 
of  the  limb  and  ilic  accumulation  of  adipose  tissue. 

Eleclro-diagKosis. — The  cjucstion  of  electro-diagnosis  has 
no  great  practical  imjxirtancc.  In  the  early  stage,  tliere  im 
increased  excilabilily  to  the  galvanic  and  faradic  current^l 
more  e-ipedally  to  the  latter.  This  h>'perexcitability  per- 
sists for  some  time  and  is  most  marked  in  the  second  and 
third  week.  It  has  not  the  same  importance  for  prognosis 
as  the  exaggeration  of  the  reflexes.  The  latter  S)-Tnptom 
is  a  sign  of  sclerosis  of  the  pyramidal  tract  and  ia  almost 
invariably  followed  by  muscular  contracture. 
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In  the  advanced  stages,  there  is  hypocxcitabiUty  both 
to  the  galvanic  and  faradic  current,  cveii  when  there  is  no 
muscular  alroptiy. 

Electro-therapeutic  treatment,  a.  The  treatment  should 
not  be  commenced  for  a  month  after  th«  stroke.  Duchenne 
usually  waited  six  months. 

b.  If  at  this  period  there  arc  any  signs  of  contracture, 
we  shoidd  be  careful  lo  avoid  the  use  of  the  faradic  current 
or  stimulation  by  the  variable  state  of  tlie  galvanic  current. 

c.  If,  on  the  other  hand,  the  paralysed  muscles  arc  per- 
fectly lax  and  feel  flabby,  with  no  symptoms  of  contracture, 
electrical  treatment  should  be  carried  on  in  two  directions, 
by  direct  galvanij^alion  of  the  brain,  and  by  local  Mimtilalion 
of  the  muscles. 

I.  Gakfanisation  of  Ike  brain. — It  was  long  believed  that 
the  lines  of  electrical  flux  did  not  penetrate  the  skull. 

The  contrary  was  pro^-ed  by  the  experiments  of  Erb,  of 
BKckhardt  and  i\  Ziemssen.  The  terminal  of  an  electro- 
scope W35  applied  to  the  cerebral  surface,  tltrough  an  aper- 
ture in  the  skull  made  by  a  trephine.  It  was  found  that 
the  current  penetrated  the  skull  when  the  head  was  galvan- 
ised. Leduc,  who  has  made  frequent  experiments  on  this 
subject,  remarks  ttiat  the  resistance  of  cranial  bones  im- 
pregnated with  organic  fluids  is  much  less  than  might  be 
supposed.  The  penetration  of  the  galvanic  current  is  also 
proved  by  the  sensations  of  vertigo,  which  occur  in  galvani- 
sation of  the  head.  During  bilateral  galvanisation,  when 
tlic  current  is  closed,  the  animal  inclines  or  even  falls  over 
towards  the  anode.  In  some  experiments  by  Zimmern  and 
Batelli  epilepsy  has  been  produced  by  cerebral  electrisation. 
Scftnyder  has  shewn  that  fatigue  may  be  relieved  by  a  cur- 
rent of  5  milliampcrcs  in  either  direction  between  the  neck 
and  forehead. 
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Even  if  this  be  granted,  it  is  doubtful  whether  the  2b- 
sorptioa  of  the  blood  clot  can  be  facilitated  by  the  electric 
current,  at  all  events,  without  using  an  intensity  which 
will  do  more  harm  than  good.  (Dignat.)  Cerebral  gal- 
vanisation must  not  on  that  account  be  regarded  as  uselesii. 
Under  its  action  tlic  vitality  of  the  nerve  cells  may  be  in- 
creased in  consequence  of  the  increase  of  the  nutritive  ex- 
changes following  ionisation  of  the  tissues.  TTiis  will  greatly 
aid  the  process  of  repair.  In  addition  to  the  theoretic  itv* 
dications  for  galvanic  treatment,  we  have  the  evidence  of 
experience.  Although  statistics  on  the  subject  are  not 
a%'ail3ble,  yet  most  observers  are  agreed  that  cerebral  gal- 
vanisation is  of  benefit  in  the  after-treatment  of  a  paralytic 
stroke. 

Procedure. — We  should  always  bear  in  mind  that  the 
anode  is  calming  and  depressing,  whereas  the  cathode  is 
stimulating  and  has  a  resolvent  action  on  inflammatory  proc- 
esses. 

An  indtflferent  cathode  of  100  to  200  sq.  an.  is  placed  on 
the  back  of  the  neck,  and  an  anode  of  50  to  100  cm.  on  the 
side  of  the  head  corresponding  to  the  injured  hemisphere. 
Intensity  5  to  10  milliamperes.— Duration  5  to  10  minutes. — 
Seances  every  other  day. — The  circuit  should  be  opened 
and  closed  very  slowly  and  gradually, 

2.  Electrisation  of  the  affected  muscles. — The  peripheral 
treatment  of  the  hemiplegic  limbs  has  two  principal  objects, 

a.  To  remove  stiffness  of  the  joints  caused  by  immobil- 
ity by  means  of  a  passive  gj'ninastic  treatment. 

b.  To  treat  the  muscular  atrophy  and  the  obstructed 
circulation  of  tlie  limbs,  which  results  in  cedema  and  bluc- 
ncss.  There  arc  two  distinct  conditions,  each  of  which 
requires  different  treatment.  If  there  arc  no  s>inptonw  of 
contracture,  we  may  stimulate  the  muscles  by  the  faradic 
or  the  galvano-faradic  current,  at  the  same  time  that  we 
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endeavor  lo  improve  the  circulation  and  the  reabsorption 
of  the  cedema  by  galvanisation.  If,  however,  there  is  any 
indication  of  contracture,  wc  must  limit  the  electrical  treat- 
ment to  the  galvanic  current  alone.  We  will  take  each  of 
these  conditions  in  turn. 

For  galvanisation  we  may  use  a  large  electrode  of  200 
to  300  sq.  cm.  on  the  nape  of  the  neck  or  lumbar  region, 
employing  for  the  other  electrode  a  foot-batli  or  arm-balli, 
or  a  plate  of  50  to  130  sq.  cm.  applied  to  the  extremities  of 
Ihe  limbs.  Although  the  direction  of  the  current  is  imma- 
terial, it  is  UMial  lo  connect  the  imliffcrcnt  electrode  to  the 
positive  pole. — Intensity.  10  lo  20  millianiperes. — Duration 
5  to  8  minutes  for  cacb  limb. 

When,  some  three  to  five  wctks  after  a  paral\iic  stroke, 
it  is  decided  to  try  electrical  treatment,  we  should  b^n 
by  galvanisation  of  the  limbs.  If  there  is  any  fear  of 
contracture  wc  should  go  no  further.  If.  on  the  contrary, 
the  paralysed  muscles  are  perfectly  soft  and  flabby,  wc  may 
proceed  to  treat  them  by  faradisation. 

In  a  case  of  hemiplegia,  faradisation,  or.  better  still, 
rhythmic  galvano-faradisation  of  the  muscles,  may  be  carried 
out  in  the  usual  manner.  The  indifferent  electrode,  con- 
nected to  tlie  positive  pole  of  the  battery,  is  placed  on  the 
nape  of  the  neck  or  the  lumbar  region,  while  a  cathode  3  or 
4  cm.  in  diameter  is  applied  to  the  motor  points.  Each 
limb  sltould  be  stimulated  for  3  period  of  only  3  to  4 
minutes.  AnoUier  method  is  by  the  emplo>'ment  of  (he 
faradic  roller,  which  may  be  moved  slowly  over  the  limb 
for  2  or  3  minutes. 

If  the  muscles  do  not  contract  under  tbc  faradic  current, 
we  may  employ  the  galvanic  current  interrupted  by  means 
of  a  metronome. 

If  any  signs  of  contracture  should  make  their  appearance 


during  the  course  of  trcatniait,  all  faradic  stimulation 
be  immediatdy  suspended. 

Improvement  should  be  visible  in  the  course  of  a  mon' 
or  six  weeks,  but  the  result  of  electrical  treatment  is  often 
unsatisfactory. 

412.  Cerebral  softening — Hemiplegia   due  to  sO' 
Ing. — Cerebral  sofleiiiiig  following  Ihrombosis,  embolism^ 
Or  atheroma,  is  due  to  tlie  death  of  a  portion  of  (lie  bra  J 
substance  following  interference  with  the  circulation.    Ut^^ 
hEcmorrhagc,  it  is  followed  by  secondary  descending  scler- 
osis.   In  cases  of  embolism  and  sometimes  in  thrombosis, 
the  softening  may  shew  itself  suddenly  by  3)-mptofns  of 
apoplexy  and  hemiplegia  analogous  to  those  of  h-'cmorrhage. 
Or  the  softening  may  come  on  more  slowly  and  progres- 
sively, as  in  cases  of  atheroma  and  syphilitic  endartcriti 
Apliasia  is  a  frequent  manifestation  of  this  variety. 

Electro-diagnosis  and  EUctrO'lhcrapeulict.^-PA^dro-iil 
nosis  can  only  give  us  information  of  llic  state  of  the  af- 
fected muscles.    Any  local  ircatmcii:  of  the  brain  is  usel< 
and  we  can  only  act  on  the  muscles  in  the  way  pointed  oi 
in  the  treatment  of  haimorrliagic  heinipl^a. 

NEUROSES. 
Chorea — Wriwr'a    Cramp— Myoclonus — Hysteria — Ncurutbe 
— Parkinson's  disease — Somnambulism — Exupthalmic  goitrb 

413.  Chorea  or  St.  Vitus'  dance. — 1'he  clinical  aspects 
of  this  disease  arc  very  varied.  In  addition  to  lite  typical 
form  usually  seen  in  young  girls,  there  are  cases  following 
rheumatism,  in  which  endocarditis  is  frequent  and  of  which 
the  prognosis  is  serious.  Other  cases  due  to  simple  h>'steria 
arc  accompanied  by  ano:sthesia  or  hyperarsthesia.  In  some 
instances  the  muscles,  instead  of  being  continually  ;^(ated 
by  involuntar>'  contractions,  are  in  a  condition  of  complete 
relaxation,  a  sort  of  lax  paralysis.    Finally,  there  are  chorcM 
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of  a  very  formidable  character  which  occur  al  the  period  of 
atlolcsceiice.  and  are  accompanied  by  serious  psychical  per- 
turbation. 

Before  undertaking:  the  electric  treatment  of  a  case  of 
chorea,  or  attempting  to  estimate  its  duration,  it  is  well 
to  give  a  careful  consideration  as  to  the  variety  of  the  dis- 
ease with  which  we  have  to  deal.  When  it  is  of  hysteric 
origin,  the  case  may  improve  with  griM  rapidity,  or  on  the 
other  hand,  it  may  respond  to  treatment  very  slowly.  We 
should  be  careful  not  to  confound  witli  chorea  the  hemi- 
chorea,  which  is  symptomatic  of  a  central  lesion,  or  the 
rhythmic  chorea  of  hysteria,  or  even  the  clmrea  of  electrical 
origin. 

Electro-diagnosis. — The  reactions  of  chorea  arc  normal. 
This  fact  has  an  important  bearing  on  the  diagnosis  between 
chorea  and  hemichorea,  since  tlie  latter  is  characterised  by 
bypcrexcitability  botli  to  the  galvanic  and  to  the  faradic 
current.    In  flacdd  chorea  we  never  meet  with  signs  of  DR. 

Eiectro'therapculics. — Static  clectridtj'  is  to  be  preferred 
for  the  treatment  of  this  disorder.  If  this  fails,  we  may  liave 
recourse  to  the  galvanic  current,  which  has  given  good 
results  in  the  hands  of  A.  Weill.  In  the  flaccid  form  of 
chorea  we  may  with  advantage  employ  rhythmic  galvano- 
faradisation. 

Procedure. — When  static  electricity  is  employed,  the  pa- 
tient should  be  exposed  to  the  static  bath  during  a  period  of 
15  to  20  minutes  (176  and  336).  The  seance  should  be 
terminated  by  a  static  douclie  of  5  minutes.  This  should  be 
repeated  every  other  day. 

Improvement  is  rapid,  usually  from  15  to  20  seances  being 
tuffictcnt  for  a  curc- 

Galz'anic  ciirrenl. — A.  Weill  applies  a  cathode  of  too  sq. 
cm.  to  the  neck,  and  places  tlie  feet  in  a  foot-bath  joined  to 
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Ute  positive  pole. — Intensity,  20  to  30  miUiampercs. — I>jra- 1 
tion,  ao  tninutes. — Seances  three  times  a  weelc. 

In  Uk  Qnccid  ly]K  ui  chorea  each  muscular  group  may  be 
treated  with  tlic  rhythmic  galvano-faradk  current.    An  in- 
different anode  should  be  applied  to  llic  nape  of  the  neck, 
and  a  cathode  3  to  5  cm.  in  diameter  to  the  motor  point*,  h 
TIte  faradic  roller  may  also  be  employed.  | 

414,  Myoclonus — ^Tic, — Under  the  name  myoclonus 
are  included  a  number  oi  morbid  conditions,  cliaracterised 
by  clonic  convulsive  movements.  The  most  trivial  of  these  is 
ordinary  tic,  or  the  involuntary  winking  oi  the  eyelids.  Itj 
also  includes  electric  chorea  and  other  form*  of  convulsr»-e1 
tic. 

Franklinisation  may  be  employed  for  this  alTection  as  for] 
chorea. 

Tic  occurring  in  the  face  is  best  treated  by  the  continuotu ' 
current,  a  lai^  cathode  being  applied  to  tlie  neck,  and  an 
anode  of  variable  size  and  shape  to  the  affected  region. 
The  intensity  should  vary  according  to  the  area  of  the 
active  electrode  and  the  tolerance  of  the  patient.  From  .t\ 
to  I  milliampere  may  be  given  for  each  square  centimetre 
of  surface  in  the  active  anode. — Duration.  15  minutes. — 
Seances  every  other  day. 

415.  Profcssionat  cramp,  writer's  cramp. — The  static 
bath  is  the  besl  mode  of  treatment  for  the  various  forms  of 
professional  cramp — writers'  cramp,  the  telcgfrapJi-opcrators' 
cramp,  the  violiniitts'  cramp,  etc.    The  Kcanccs  should  be  of  ; 
15  minutes,  repeated  every  day  or  every  otiier  day. 

\Vc  may  also  have  recourse  to  the  continuous  current,  the 
anode  being  applied  to  the  affected  muscles,  and  the  cathode 
to  the  nedc.  The  duration  of  tlic  seance  should  be  only 
a  few  minutes,  and  feeble  intensities  should  be  employed. 
These  rules  are  not,  however,  absolute.    We  may  also  have ' 


NtVRO-UCSCUUB  AMD  NtV*0-»l(>lTlVE  SVSTEMit 


871 


recourse  to  cerebral  galvanisation,  liy  placing  an  electrode  on 
eitlier  side  of  the  head.  Tins  nKtliwl  has  g;iven  good  results 
in  cert;iiii  casein 

AilhouKii  the  action  is  somewhat  uncertain,  Oie  electric 
treatnicnt  is  the  only  one  that  yields  satisfacti^y  results  in 
tliese  cases. 

416.  Hysteria. — This  is  a  morbid  condition  which 
manifests  itself  by  symptoms  of  a  most  varied  character. 
It  is  susceptible  uf  treatment  in  two  <lirections,  general  and 
symptotnatic. 

The  general  treatment  should  be  directed  to  the  so-called 
hysteric  temperament.  This  is  often  recognisable,  more 
especially  in  young  girls,  by  one  or  more  isolated  symptoms, 
palpitations,  suffocation,  f.-uiciful  appetite,  capricious  char- 
acter, etc,  W'c  may  also  meet  with  convulsive  epileptiform 
hysteria  with  its  severe  attacks,  or  ordinary  convulsive  hys- 
teria, or  non-convulsive  hysteria  with  its  long  jtring  of 
symptoms,  including  paralysis,  contracture,  anaesthesia  and 
trophic  troubles. 

The  symptomatic  treatment  will  be  directed  against  the 
manifestations  of  hysteria.  Iliesc  should  be  carefully 
studied  by  the  medical  electrician,  for  he  is  often  called 
upon  to  give  a  diagnosis  in  cases  of  great  difficulty.  .-Vmong 
the  symptoms,  (hose  of  paralysis,  contracture,  and  trophic 
disturbances  are  the  most  importanL 

H>^erical  paralysis,  more  especially  hemiplegia,  may  sim- 
ulate paralysis  of  organic  origin.  It  but  rarely  affects  the 
face. 

Occasionally  the  muscles  of  one  side  of  the  face  present 
3  slight  degree  of  contracture.  "Wc  must  be  careful  not  to 
mistake  this  for  paralysis  of  the  opposite  side,  an  error 
which  is  easily  made,  owing  to  the  flaccid  appearance  of  tlie 
normal  muscles  when  compared  with  those  of  the  affected 
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side.    These  cases  of  hysterical  paralyns  are  apparently 
to  an  augmentation  of  the  resistance  to  tlie  nerve  current 
at  the  synapses  of  contiguous  neurones.     {Lipine.) 

Hysterical  contracture  generally  seu  in  suddenly,  where- 
as contracture  due  to  organic  causes  commences  in  an 
insidious  manner.  \Vc  may  easily  be  misled  if  wc  do  not 
sec  these  hysterical  contractures  at  Uieir  commencement, 
or  if  we  omit  to  examine  ihem  under  chloroform.  In  cer- 
tain cases  the  transference  of  these  muscle  contractures  from 
one  side  to  the  other  gives  us  a  due  as  to  their  nature. 

Hysterical  trophical  disturbances  arc  extremely  difljcult 
of  diagnotiis.  Hysterical  a:dema,  the  so-called  blue  oedema, 
the  painful  hysterical  breast,  and  hysterical  muscular  atro- 
[rfiy  may  be  mistaken  for  more  serious  lesions.  Hysterical 
atTophies  are  often  quickly  relieved  by  electrical  treatment^ 
and  If  the  diagnosis  lias  not  been  carefully  made,  the  case 
might  be  considered  as  a  case  of  medullary  affection  cured 
by  electrical  treatment.  Clinically,  hysterical  atrophies  differ 
from  tliosc  of  myelopathic  origin  in  that  they  do  not  usoaU)' 
attain  the  same  degree  of  severity,  and  arc  rarely  accom- 
panied by  fibrillary  contraction.  We  shall  see  that  the  two 
diseases  may  be  easily  distit^ished  by  means  of  electro- 
diagnosis. 

EUctro-diagnosit. — The  electrical  resistance  is  greatly 
increased  in  hysteria,  more  especially  in  hysteria  willi  alien- 
ation, (yigouroux,  Charcot,  d'ArmaH.)  This  pecultari^ 
is  of  but  little  assistance  in  diagnosis.  It  does  not  enable 
us  to  distinguish  severe  forms  of  hysteria  from  elipepsy, 
since  in  epilepsy  there  is  also  a  considerable  increase  of 
electrical  resistance,  es|)ecially  when  mental  alienation  ac- 
companies the  epileptic  symptoms. 

H)*tcrica!  paralyses  arc  distinguished  by  Uie  fact 
they  never  give  riisc  to  DR. 
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The  areas  of  contracture  and  the  areas  o(  aiiicsthcsia  are 
frequently  displaced  under  the  action  of  the  magnetic  field. 
This  plicnomenon  of  transference  in  cases  of  hysteria  is  alsa 
8  valuable  diagnostic  sign. 

Transference  also  follows  the  application  of  the  galvanic 
current,  and  even  tlie  application  of  metallic  plates.  These 
inconstant  and  inexplicable  phenomena  often  prove  useful 
as  a  means  of  diagnosis  in  doubtful  cases. 

In  hysterical  atrophy,  both  the  galvanic  and  faradic  ex- 
citability are  diminished,  but  there  is  no  reaction  of  de- 
g(.-neration.  In  certain  exceptional  cases  where  this  occurs, 
it  may  be  suq>ectcd  that  tliere  is  in  addition  some  lesion 
of  the  medulla. 

Etcctro-therofeutics. — Tlic  electric  bath  is  the  best  gen- 
eral treatment  for  hysteria  in  way  stage  of  the  malady. 
The  duration  of  an  application  should  be  gradually  in- 
creased from  5  to  20  minutes  and  the  seance  may  be  re- 
peated every  day.  The  result  varies  according  to  dr- 
cutnstances.  As  in  other  methods  of  treatment,  suggestion 
probably  plays  a  certain  role  if  the  physician  is  happily 
able  to  inspire  his  patient  with  confidence.  In  addition  to  the 
moral  cause,  there  is,  however,  a  rational  pJiysical  action. 
the  result  of  which  is  independent  of  consciousness.  Tlic 
static  bath  acts  both  on  the  sensory  and  motor  nervous 
mechanisms.  If  we  regard  hysteria  as  an  anomaly  of  the 
nervous  connection  between  the  neurones,  then  tlic  static 
current  may  be  supposed  to  act  by  re-establishing  the  normal 
connections  under  the  stimulus  of  high  electrical  potential. 
Static  treatment  may  also  benefit  by  inducing  sleep  and 
improving  digestion. 

If  it  is  tliought  advisable  to  i)Iace  the  patient  under  a 
course  of  hydrotherapeutic  treatment,  it  is  best  to  give  this 
and  the  electric  treatment  on  alternate  days,  so  as  to  avoid 
fatigue. 
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In  cases  where  statical  electridiy  has  failed  as  a 
means  of  tri»tnient,  high  froc|uency  currents  may  be 

2.  Symptomatic  treatment  will  vary  according  to  the 
case.  Widesprcaii  anscsthesia  may  be  treated  by  the  static 
bath,  a  pointed  cicarodc  being  directed  over  the  anarsthetic 
areas.  This  method  is  often  follmvcd  by  rapid  improvement, 
but  the  good  effect  is  seldom  maintained  after  Uie  first  few 
seances.  In  order  to  obuiii  a  permanent  cure,  the  treatment 
must  be  prolonged.  Sometimes,  after  a  few  minutes'  appli- 
cation, there  ix  a  transference  to  the  opposite  side.  If  static 
treatment  fails,  we  may  try  the  faradic  brush  connected  to 
the  negative  poles,  using  currents  of  feeble  intensity.  We 
may  also  have  recourse  to  light  rapid  friction,  or  to  high 
frequency  currents  applied  with  a  glass  electrode. 

Hysterical  paralysis  and  hemiplegia  may  be  treated  in  the 
same  way  as  ana^thcsia,  t!ie  former  being  often  a  con- 
comitant of  the  latter,  and  tending  to  disappear  at  the  same 
time.  In  these  cases  the  n^ative  faradic  brush  gives  excel- 
lent results.  We  should  at  the  same  time  begin  to  re-c<Iucate 
the  muscles,  commencing  u-tlh  simple  movements  and  grad- 
ually going  on  to  more  complicated  ones. 

When  the  patient  has  Trained  confidence,  the  case  it 
nwre  than  half  cured. 

Hysterica]  contracture,  unlike  contractures  of  organic 
origin,  may  be  successfully  treated  by  direct  stimulation  of 
the  muscles  by  faradisation,  electric  friction,  statical 
sparks,  or  high  frequency  currents.  Laquerriht  aod 
Delherm  employ  the  energetic  stimulation  of  the  opposing 
muscles.  Good  results  are  also  obtained  by  the  continuous 
current  of  very  feeble  intensity  applied  for  an  hour  or  more. 
The  same  may  be  said  of  the  statical  cfReuve,  and  tlie  action 
of  the  magnetic  field. 

Globus  hystericus,  cutaneous  hyperesthesia,  and  the  van- 
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ous  hysterical  pains  may  be  treated  by  positive  galvanba- 
tion  of  feeble  intensity. 

The  obstinate  vomiting  of  hysteria  may  often  be  relieved 
by  galvanisation  of  the  vagus.    (Decroty.) 

The  great  variety  of  treatment  and  the  attemation  of  suc- 
cess and  failure,  shew  tliat  there  is  no  general  rule,  and 
that  eadi  case  of  hysteria  must  be  treated  on  its  own  merits. 

417.  Neuractbenia.— Among  the  various  neuroses, 
this  disease,  sometimes  known  under  the  name  of  Beard's 
disease,  is  very  susceptible  to  electrical  treatment  We  shall, 

;  however,  be  liable  to  disappointment  if  we  treat  as  neuras- 
thenia all  the  affeciioiis  included  under  that  designation  by 
the  public  and  occasionally  by  medical  practitioners.  Unable 

I  to  give  a  name  to  a  number  of  indefinite  nervous  affections, 
it  is  the  fashion  to  class  as  netirasltienic,  a  number  of  affec- 
tions which  in  no  way  resemble  Beards  disease.  We  arc 
often  called  on  to  treat  these  so-called  ncurasihcnics,  whom 
the  doctors  in  despair  have  sent  to  baths,  to  the  sea.  to  the 
mountains,  and  as  a  last  resource  to  the  medical  clec- 
triciaii.  True  neurasthenia  presents  symptoms  of  cerebral 
asthenia  with  de])res.''ed  spirits,  and  intellectual  fatigue. 
Tliere  U,  moreover,  muscular  weakness,  insoitmia.  dyspepsia, 
and  diverse  pains,  cephalgia,  badc-ache,  vertigo,  neuro- 
cardiac  disturbances,  with  hypcrexcitabilit>-  of  the  genital 
oi^ns,  or  impotence.  In  general  the  blood-pressure  is  be- 
low normal,  although  there  is  a  form  of  neurasthenia,  which 

Iwe  may  cill  [Kteudo-neura-sthenia,  with  supra-nonTuil  hlood- 

rpressure.  This  requires  a  totally  ciiffcrcnt  treatment.  There 
is  also  a  form  of  hcrcditarj-  neurasthenia  in  which  all  treat- 
ment is  useless. 

With  regard  to  electro-diagnosis,  there  is  not  much  to  be 
said.  The  diminution  of  electrical  resistance  which  has  been 
obsen'cd  in  some  cases  is  b>-  no  means  constant. 
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ElectrO'iherapeutxcs. — ^The  treatment  v3ri«$  according" 
the  predominating  symptoms.  The  be$t  treatment  is  the 
static  bath,  which  may  b«  increased  in  intensity  and  dura-  \ 
tion  as  the  patient  is  able  to  bear  it.  Tlic  occurrence  of  in- 
somnia will  warn  us  if  we  are  exceeding  tlie  beneficial  dose. 
We  may  commence  with  5  minutes,  and  gradually  increaie 
up  to  45  minutes. 

In  general  the  ncgatirc  static  bath  should  be  preferred, 
but  if  there  is  in&omnia  we  may  give  tl»e  positive  bath,  the 
patient  being  connected  to  the  positive  pole  of  the  static 
machine.  In  female  patients  where  there  is  mertorrliagia, 
static  treatment  is  contra -indicated. 

Some  authors  consider  that  neurasthenia  is  an  affection 
of  the  sympaihetic,  and  recnnmicnded  the  galvanisation  of 
the  solar  plexus  and  its  branches  by  the  method  of  Betton  1 
Massey.  A  large  anode  of  250  sq.  cm.  ts  placed  over  tii(  ■ 
abdotnen,  and  a  large  cathode  also  of  250  sq.  cm.  on  the  ^ 
lumbar  region.— Intensity.  50  lo  250  milliamperts, — Dura- 
tion, 15  minutes. — Seances  ever>'  second  day. 

In  cases  of  low  blood  pressure,  if  there  is  no  tendency  to 
insomnia,  I  have  obtained  gofid  results  from  the  employ- 
ment of  high  frequency  currents.  TIjc  patient  is  seated 
between  two  high  frequency  spirals,  arranged  so  as  to  pro- 
duce bipolar  effieuvation.  The  spirals  are  wound  in  opposite 
directions  and  joined  up  so  that  the  excitation  in  each  spiral 
opposes  tliat  in  the  other.  (138.)  One  of  the  spirals  is  at 
the  back  of  the  patient,  and  he  is  connected  to  it  by  means 
of  an  electrode  applied  to  the  nape  of  the  neck.  The  other 
spiral  is  in  front,  and  has  an  electrode  with  multiple  points 
directed  on  the  abdominal  region,  care  being  taken  to  obviate 
any  danger  of  sparking.  Albert  Weill  has  also  obtained  ex- 
cellent results  by  this  method.  A  seance  of  10  to  1$  minutes 
may  be  given  every  other  day. 
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Larat  has  successfully  employed  the  hydroelectric  bath 
with  sinusoidal  currents.  He  gives  th«  static  bath  and  the 
hydroelectric  batli  on  alternate  days.  The  duration  of  the 
bath  is  20  to  25  minutes,  and  its  intensity  is  gradually  in- 
creased unti!  it  produces  slight  tctanisation  of  the  muscles. 

The  above  arc  the  procedures  for  general  treatment.  We 
may  now  review  more  in  detail  the  treatment  of  each  symp- 
tom. 

»      Headache  and  cerebral  asthenia  may  be  treated  by  the 
static  douche  given  with  the  aid  of  Trnchot's  apparatus,  or 
by  means  of  non-metallic  excitors.    In  some  cases  the  con- 
^tinuou»  current  appears  to  give  belter  results.    An  anode 
Bcf  100  sq.  cm.  is  applied  to  the  nape  of  the  neck,  and  a 
Bcathodc  of  50  sq.  cm.  to  the  forehead, — Intensity,  30  milli- 
Hampcres. — Duration,  10  minutes  {Caslcx). 
f     In  cases  where  there  are  neuralgic  pains,  the  use  of  an 
active  anode  is  preferable.    Where  cerebral  asthenia  is  the 
prominent  symptom,  I  have  obtained  excellent  results  from 
the  employment  of  the  high  frequency  douche.     For  this 
purpose  we  may  use  the  efifcuve  from  a  cup  suspended 
overhead  and  connected  to  a  resonator,  as  in   Truchot's 
apparatus.     After  the  patient  has  been  treated  by  the  bi- 
polar method  directed  to  the  solar  plexus,  the  seance  may 
be    terminated    by    treating   the    headache    and    cerebral 
asthenia  by  effleuves  directed  on  the  head.    For  this  purpose 
the  pointed  electrode  on  the  abdomen  is  replaced  by  a  metal 
plate  and  the  cup  overhead  is  connected  to  the  spiral  be- 
hind Ibe  patient  by  means  of  a  flexible  conductor. 
H     The  pains  in   the  back  are  best  treated  by  continuous 
^positive  galvanisation,  as  in  lumbago.     The  faradic  brush 
also  gives  excellent  results.    We  may  also  treat  it  by  re- 
vulsive methods,  using  the  high  frequency  current  with 
glass  electrode,  or  a  bare  brush  or  ball  electrode,  according 
to  tlic  tolerance  of  the  patient. 
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The  low  blood-pressure  may  be  relieved  by  sparking  or 
cfflcuvcs  of  high  frcqaoKy  dirccteil  on  the  qiine,  by  the 
static  spark,  or  by  electric  friction.  The  seances  should  be 
short.  The  excitor  should  be  passed  three  or  four  times 
over  the  spine,  which  produces  a  considerable  dcvatioa 
of  bkKx)  pressure,  as  shewn  by  tlie  sphygnKj-matKMneter 
{Moutier).  The  duration  and  intcdsit>-  of  the  seances  is 
limited  by  tlie  tendency  to  insomnia,  which  is  often  ag- 
gravated by  the  treatment. 

In  cases  where  there  is  hyper-tension  of  the  pulse.  Moutier 
advises  t!ie  use  of  auto-conduction  to  lower  the  arterial 
bkHxl-pressiirc. 

Tachycardia  is  best  treated  by  galvanisation  of  tlie  pneu- 
mo-gastric,  A  large  cathadc  is  placed  over  the  cpi^strium, 
and  an  anode  of  at  least  20  cm.  over  the  left  cardia. — In- 
tensity, 8  millianiperes. — Duration,  10  minutes. 

In  the  treatment  of  sexual  impotence,  we  may  use  ncga- 
tive  galvanisation  of  the  inguinal  r^on  and  perineum 
with  an  electrode  of  20  sq.  cm.  moved  to  and  fro.  Intensity 
3  to  to  milliampcres. — Duration,  10  to  15  minutes — Seances 
every  other  day.  If  there  is  liyperexcitability,  tlie  same 
treatment  may  be  employed,  using  the  active  anode. 

We  often  see  cases  of  neurasthenia  improve  uiMler  treat- 
ment by  vibro-thcrapy  or  by  railway  journeys,  just  as  ih«gr 
arc  improved  by  any  violent  impression  or  any  novelty. 
This  may  be  the  explanation  of  the  favourable  results  ob- 
tained by  Hirt  by  intaise  gat vano- faradisation  of  the  lower 
limbs. 

418.  Exophthalmic  goitre. — Graves*  disease  or  Base- 
dow's disease. — .'\lj  aiilhoritics  arc  united  in  the  opinion 
that  exophthalmic  goitre  is  particularly  amenable  to  treat- 
ment by  electrical  methods.  Medical  treatment  is  of  such 
little  use  in  these  cases  that  surgical  aid  has  been  invoked  to 
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divide  the  sympallietic  or  remove  llie  ihyroid  gland — a  pro- 
cedure whicb  has  often  proved  fatal.  Electricity  is,  there- 
fore, the  onl^  rational  treatment.  The  results  of  gal* 
isation  of  the  thyroid  body  have  tlirown  a  good  deal  of 
ight  on  the  pathogenesis  of  this  disease. 

Exophthalmic  goitre  appears  to  be  due  to  a  disturbattce 
of  the  internal  secretion  of  the  thyroid  gland.  This  is  a 
specific  affection,  and  docs  not  in  any  way  correspond  to  the 
symptoms  due  to  removal  or  absence  of  the  organ.  Iliis 
explains  tlic  failure  of  tlie  treatment  by  thyroid  extract 
noticed  by  authors  like  Dreyfus-Brisac  and  Biclire.  T!ic 
alteration  of  the  secretion  reacts  on  the  medullary  centres, 
producing  nuclear  paralysis  of  the  vagus,  and  paralysis  of 
the  vasoHDotor  centres.  There  are  no  visible  lesions  of  th« 
nervous  system. 

The  disease  is,  in  fact,  a  neurosis  of  the  medulla,  caused 
by  a  disturtrancc  in  the  inicmal  secretion  of  the  thjToid 
gland.  The  following  are  the  symptoms:  Tachycardia, 
caused  by  disturbance  of  the  vagus.  There  is  no  alteration 
of  the  rhythm  of  tlic  heart,  but  there  may  be  h>'pcrtrophy, 
due  to  increased  activity  of  the  organ,  or  insufficiency  of  the 
valves  caused  by  dilatation. — Dysfnaa  often  due  to  the  same 
cause. — Exofhthalmia,  sometimes  accompanied  by  ophthal- 
moplegia, or  paralysis  of  the  extrinsic  muscles  of  the  eye. — 
Hypi'rtropky  of  the  thyroid  body. — Trembling,  occasionally 
accompanied  by  chomac  movements. — Paralyxis,  a  paraple- 
gia of  a  definite  type,  unaccompanied  by  visceral  or  vesical 
troubles:  in  contra-distinction  to  paralysis  of  spinal  origin, 
c  distinction  may  be  made  with  the  aid  of  clcctro-diagno- 
Bis.  In  addition  to  these,  we  may  get  nervous  troubles  and 
psychic  disturbances  of  various  sorts,  with  elevation  of  the 
peripheric  temperature,  amenorrlMea  and  impotence. 

In  treating  a  case  of  Bascdmi/s  disease,  we  should  not 

rget  that  the  malady  is  fatal  tn  20  per  cent,  of  all  cases. 
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and  that  (jravc  accidents  may  supervene  in  the  course  of 
its  cvokitifm,  caused  by  a  paroxysm  or  a  hirinorrliagc.  The 
friends  of  tlie  patient  shoultt  be  warned  of  this  possibility, 
so  t]iat  tile  electrical  treatment  may  not  be  blamed  for  an 
accident  due  to  the  progress  of  the  disease. 

Eleclro-diagHOsis. — a.  Electrical  rcaslance. — In  this  dis- 
ease the  resistance  is  considerably  diminished,  due  in 
alt  probability  to  the  disturbance  of  the  vaso-motor  ^item 
and  the  increased  perspiration.  In  health  the  electrical 
resistance  may  be  considerably  reduced  by  placing  the  sub- 
ject in  a  vapour  bath. 

b.  Where  tliere  is  cardiac  hypertrophy,  the  metuurement 
of  the  heart  by  the  orthodiagraphic  method  will  give  val- 
uable information  as  to  the  progress  of  the  disease.     (426.) 

c.  Where  paraplegia  exists,  it  may  be  as  well  to  test  the 
muscles.  The  absence  of  DR  will  set  at  rest  the  question  of 
any  medullar  affection. 

Elcclro-lherapeulics. — We  have  already  said  that  electro- 
therapy is  universally  accepted  as  the  treatment  of  cxopb- 
tlialmic  goitre.  Rockwell,  VigouroHX,  Deliage.  Bontier, 
Larat,  SoUier,  Rfgnier,  and  others  have  published  observa- 
tions and  statistics  which  leave  no  doubt  as  to  the  efficacy 
of  the  treatment  The  cases  of  failure  arc  those  in  which 
the  so-called  electric  treatment  is  carried  out  by  means  of  a 
small  coil  and  two  small  pads  applied  as  chance  directs  or 
cither  side  of  the  ncch. 

According  to  Prof.  Joffroy,  when  the  treatment  is  carried  1 
out  in  a  rational  manner,  with  string  galvanic  currents,  the  I 
measure  of  success  attained  is  far  in  advance  of  any  other 
method. 

The  following  is  tlie  mode  of  procedure; 

a.  Galvanisation  should  be  iised  by  preference.  The 
cathode  is  to  be  placed  on  the  goitre  in  consequence  of  the 
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softening  caused  by  the  negative  pole.  It  should  be  of  60  lo 
100  sq.  an.  and  »ltou]d  cover  the  goitre  and  Uic  whole  of  the 
surrouniling  region.  A  large  anode  of  at  least  200  sq.  cm. 
should  be  placed  on  the  nape  of  the  nedc.  It  U  important 
to  keep  the  active  anode  in  absolute  conUct  with  the  skin. 
I  make  use  of  3  layer  of  absorbent  cotton  wool  between 
two  layers  of  gauze,  and  over  it  I  place  an  ordinary  concave 
electrode. — Intensity,  30  to  40  milliampcrcs. — I>uration,  15 
minutes. — Seances  every  day  or  every  other  day. 

b.  In  addition  to  tlie  galvanisation  of  tlie  goitre  tlie 
faradic  current  may  be  used  to  stimulate  the  orbicularis 
palpebrarum,  whose  motor  poiut  will  be  found  at  the  external 
angle  of  the  orbit.  A  small  oUvc-shape  electrode  may  be 
used,  the  indifferent  electrode  being  placed  on  tlie  nape  of 
the  neck.  Duration,  one  minute.  W'c  may  also  faradise  the 
superior  branch  of  the  facial  nerve,  whose  motor  point  is  a 
little  external  to  the  above.  The  cervical  ganglion  of  the 
sympathetic  may  also  be  stimulated  by  placing  tlie  electrode 
under  the  angle  of  the  jaw,  between  the  hyoid  bone  and  llie 
stemo-masttnd.  In  this  situation  tlie  pulsation  of  the  carotid 
artery,  usually  exaggerated  in  this  disease,  may  be  rcadUy 
felt  on  preying  (he  electrode  and  ii;clining  the  head  towards 
the  side  which  is  being  treated.  One  minute's  application 
should  be  made  on  cither  side.  Finally,  the  precordial  region 
may  be  faradiscd  by  placing  the  active  anode  in  the  3d  left 
intercostal  space,  2  centimetres  from  the  stemum. — Dura- 
tion, 2  to  3  minutes. 

yigouroux  has  obtained  good  results  by  the  faradisation 
of  the  goitre  itself  without  any  application  of  galvanism. 

The  average  duration  of  treatment  for  Bascdon^s  disease 
is  three  months.  The  results  arc  as  a  rule  most  encouraging. 
The  goitre  decreases  in  size  from  the  commencement  of  the 
treatment  and  this  is  soon  followed  by  a  cessation  of  the 
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trembling  uid  tachycardia.    The  exophthalmic  is  the  last 
symptom  to  disappear. 

Exophthalmic  goitre  is  very  often  associated  with  oOier 
forms  of  neurosis.  The  appropriate  treatment  for  these 
should  be  given  in  addition  to  the  treatment  for  goitre, 

419.  Parkinson's  disease. — Paralysis  ugitans  or  Pork^ 
inson's  disease  has  not  hitherto  proved  amenable  to  electrical 
treatment.  In  one  case  that  came  under  my  notice,  the 
trembling  greatly  diinini-ihed  under  the  influence  of  gal- 
vanism. The  continuous  current  may  be  employed,  Qsing  an 
arm-hath  for  the  apode  and  a  cathode  to  the  nape  of  the 
neck. — Intensity.  SO  milHamiicrc*. — Seances,  15  to  20 
ute»  every  other  day. 

420.  Somnambulism. — The  best  treatment  of  this  af- 
fection is  the  static  bath,  followed  by  the  static  douche. 
Bordier  reports  a  successful  case. 

431.  Other  nervous  affections. — Electricity  ha$  proved 
of  service  in  a  number  of  other  nervous  troubles,  such  as 
incontrollable  vomiting,  hiccough,  nervous  aphonia, — 
osphageal  spasm,  ^'Sf^inismus,  and  noises  in  the  ears.  These 
will  be  discussed  in  the  chapter  devoted  to  each  organ. 

Hiccough,  par.  529. 

Nervoas  vomiting,  par.  SJS. 

Aphonia,  par.  517. 

Oesophageal  spasm,  par.  53CK 

Vaganismus,  par.  457. 

Noises  in  the  ears,  par.  520. 

G.    Local  Affections  of  NEa\'ous  Origin. 
423.     Raynaud's  disease   (Local  asphyxia  of  the  ex- 
tremities— Senile  gangrene). — Most   of  llie   topical   dis- 
ease*   of    nervous    origin    will    be    found    described    un- 
der the  organs  or  tissues  affected,  e.g.  scleroderma  (492) 
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and  skin  diseases.  Wc  shall  only  allude  here  to  Raytuiu^s 
disease  and  lu  the  perforating  uker  of  lh«  sole  of  the  foot 
and  palm  of  tlic  hand. 

Raynaud's  disease,  which  has  a  great  analogy  to  or- 
dinar)'  chilblains,  is  the  result  of  local  vascular  spasni. 

Raynaud  treated  it  by  means  of  the  constant  current,  with 
an  intensity  of  7  to  8  milliiimpercs,  an  anii-bath  being  used 
for  lh«  cathode  and  an  indifferent  anode  being  applied  to 
the  nape  of  the  neck.    Piiration,  to  minutes. 

Peler,  and  after  him  BordU-r,  used  the  ascending  current 
wi^  an  intensity  of  15  to  30  miltiampcrcs. 

In  hysterical  or  neurasthenic  cases,  tiic  static  effleuve  may 
be  used  in  addition  to  the  galvanic  current.    {Plicque.) 

433.  Perforating  ulc«r. — This  is  usually  situated  on 
the  sole  of  the  foot,  or  on  the  great  toe.  TIic  ulcer,  uliether 
caused  by  a  cerebral  or  a  spinal  lesion,  has  no  natural 
tendency  to  repair.  For  this  disease  electricity  is  a  radical 
means  of  cure. 

The  treatment  consists  in  faradisation  of  the  posterior 
tibial  nerve  (Crocif,  Hann).  A  pad  connected  to  the  mo- 
tive pole  is  applied  to  the  extremity  of  the  foot  beyond  the 
ulcer,  while  another  pad  is  applied  to  ttie  posterior  tibial 
nerve  bdiind  tlie  internal  nuileoliig. 

H.    Anakstuesia. 

424.  Electric  ueatment  of  anaesthesia. — Anscsthesia 
is  3  symptom  common  to  a  number  of  neuroses  and  other 
affections  of  the  nerves  or  the  nerve  centres.  The  electric 
treatment  of  the  symptom  itself  does  not  vary  to  any 
great  extent. 

It  may  be  of  interest  to  determine  the  exact  nature  of 
the  anaesthesia  by  means  of  electro-diagnosis,  using  for  that 
purpose  Iwth  the  galvanic  and  faradic  currents.  The  ex- 
ploration sliould  be  made  in  the  same  way  as  for  motor 
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excitabilit)'.     Bordier  has  determined  ttic  topography 
normal  sensibility  to  tlie  {^alvanic  current. 

The  best  trcaanciit  of  anajstliesia  is  that  described  by ; 
Duchtnne  of  Boulogne.    The  faradic  current  is  eniploynl, 
with  a  metallic  brush  conne<:tod  to  the  n<^tivc  pole.    The 
application  may  be  made  in  three  methods. 

1.  TroHscurrent  faradisation,  the  brush  being  *inq)ly 
moved  over  the  affected  regions. 

2.  Elettric  fustigation,  the  skin  being  struck  witJi  the 
extremity  of  the  brush. 

3.  Th,-  eieilrie  moxa,  the  bnish  being  left  for  some  sec- 
onds at  rest  on  the  skin.  This  is  a  very  painful  method  of 
treatment. 

In  certain  cases  we  may  obtain  good  results  from  the  use 
of  tl»e  galvanic  brush  connected  to  the  negative  pole.  There 
is,  however,  great  danger  of  burning  the  patient,  whtdi  may 
be  followed  by  subsequent  scarring. 

The  use  of  the  metallic  brush  is  much  to  be  preferred. 
Hysterical  anaesthesia  may  be  treated  by  the  application  of 
the  continuous  current  by  means  of  large  electrodes,  0 
metallic  plates.     (416.) 


CHAPTER   n. 
THE  VASCULAR  AND  LYMPHATIC  SYSTEMS. 
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425.  Affections  of  the  heart  and  large  vessels. — In 
this  chapter  we  shall  study  the  u»c  of  radioscopy  as  a  means 
of  diagnosis  tn  these  diseases. 

We  will  suppo&c  tliat  the  operator  has  a  focus-tube 
mounted  on  a  movable  carrier  as  in  Fig.  40,  similar  to  that 
which  I  exhibited  to  the  Congress  of  Boulogne  in  1899. 
Dr.  Biclere  h-is  since  greatly  contributed  to  the  iwrfection  of 
this  ap^ratus  by  adding  the  iris-diaphragm.  The  following 
is  the  mode  of  examination  for  the  study  of  the  heart,  the 
large  vessels  and  the  mediastinum.  Tlic  patient  is  placed 
vertically  to  front  of  the  stand,  with  his  frontal  pLine  parallel 
to  the  plane  of  the  stand.  The  screen  is  also  placed  parallel 
to  the  stand.  The  tube  can  be  moved  in  any  direction  by 
means  of  cords,  but  all  its  motions  arc  in  one  plane.  It 
can  thus  irradiate  the  object  at  every  possible  aiigic,  gix-ing 
a  different  silhouette  for  each  position, 

TTie  examination  should  be  begun  by  symmetric  irradi- 
ation of  the  mediastinum.  For  this  purpose  the  focus-tube 
should  be  placed  either  behind  the  sternum  or  S]>inc,— ~the 
normal  ray  being  in  the  antero-postcrior  median  plane. 
In  this  position  the  shadow  of  the  sternum  and  of  the  spine 
arc  superposed.  The  direction  of  tlic  normal  ray  ts  indi- 
cated by  the  sliadow  of  a  metallic  cross  placed  in  front  of 
the  focus-tube.  On  the  right  side,  projecting  beyond  the 
stemo-rachidtan  shadow  we  may  see  tlic  right  auricle  beat- 
ing and  tlie  sliadow  of  the  great  vessels  at  the  baK'  of  the 
heart. 


Projecting  beyond  Ihe  l«ft  margin  of  the  steroo-racbidian 
shiuJow,  wi'  sec  tlie  ventricular  portion  of  the  bcarL  la 
some  subjects,  at  the  moment  of  deep  inspiration,  a  cletr 
space  is  visible  below  tlic  heart  To  see  this  ibe  focus-tube 
must  be  lowered. 

An  oblique  view  of  the  mcdiastina]  region  may  be  ob- 
tained by  moving  the  focus-tube  to  the  right  or  left,  or  bj- 
rotating  tlie  patient  about  a  vertical  axis.  In  this  way  tbe 
mediastinal  shadow  is  moved  to  the  right  or  loft  of  Ihe 
external  or  spinal  shadow.  It  is  well  to  habituate  oneself 
to  the  appearance  of  tlie  normal  mediastinum  as  viewed 
from  the  front  or  rear. 

Id  tlui  way  an  approximate  estimate  may  be  made  of 
tlie  extent  of  the  cardiac  »ludow  and  of  the  volume  of 
the  aorta. 

One  may  obscn-c  the  heart  beats,  as  well  as  any  dis- 
placement of  the  heart  or  mediastinum. 

We  do  not  get  such  good  results  from  lateral  examina- 
tion, i>.,  witli  the  sagittal  plane  of  tbe  patient  parallel  to 
the  screen. 

There  are  two  signs  of  pericardiac  effusion,  vis.,  diminu- 
tion of  the  heart's  motion  of  contraction,  and  alterattion 
of  the  size  and  sliape  of  the  cardtae  shadow.  This  is  usually 
globular,  or  with  a  notch  at  the  top. 

A  displacement  en  masse  of  the  cardiac  sliadow  is  ob- 
served in  many  diseases),  e.g.  pletiri.sy,  ascites,  tumour,  etc 
{Bouchard,  liergofiii  and  Carriire.) 

The  normal  pulsation  of  the  aortic  arch  is  best  observed 
by  placing  the  patient  in  the  right  frontal  oblique  position. 
The  aortic  pulsation  is  increased  in  cliloroitts,  cxoplilhalmtc 
goitre  and  other  diseases  in  which  there  is  an  exaggeration 
of  the  peripheric  pulsation.  It  is  also  increased  in  aortic 
insufficiency    {Bouthard)    and    even    iu    aortic    stenosis 
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{Biclire),  and  to  a  still  greater  extent  in  aneurism  of  the 
aorta. 

Aneurism  of  the  innominate  artery  is  very  perceptible  be- 
hind the  right  sternoclavicular  angle. 

The  appreciation  of  the  changes  in  the  volume  of  the 
heart  is  of  the  utmost  importance  in  radio-diagnosis  of 
affections  of  the  vascular  system.  This  subject  is  further 
treated  in  par.  426. 

Electro-therapeulics. — Affections  of  the  heart  are  not  as 
a  rule  amenable  to  electrical  treatment.  LartU  obtained 
good  results  from  the  electric  bath  with  sinusoidal  current't, 
in  affections  of  the  heart,  with  weakened  systole,  but  with* 
out  myocarditis  or  arterio-sclerosis.  Compensation  was  re- 
established, the  angina  was  diminished  and  diuresis  was  in- 
creased. The  modus  operandi  appears  to  be  an  increased 
activity  of  the  circulation  following  contraction  of  the 
skeletal  muscles. 

Hornung  of  Marbach  reports  5<)  cases  treated  by  sinusoi- 
dal currents  with  more  or  less  succea*. 

For  aneurism  of  the  aorta,  we  may  refer  the  reader  to 
par.  427- 

426.  Cardiac  hypertrophy  —  augmentation  of  the 
cardiac  area — Ortfaodiagrai^y. — The  cardiac  area  may 
be  measured  by  radiography  or  radioscopy,  with  a  fixed 
tube  and  conical  projection.  By  a  simple  calculation  wti 
may  estimate  the  real  from  the  apparent  area.  A  simple 
method  due  to  Variot  and  Chicotot  enables  ns  to  obtain  the 
real  area  at  once. 

The  method  by  conical  projection,  however,  necessarily 
introduces  certain  errors.  To  be  exact,  we  need  to  know 
the  distance  of  the  anticathodc  from  the  point  where  the 
tangential  rays  touch  the  heart.  Moreover,  the  distance  of 
the  screen  must  be  accurately  determined,  in  order  to  com- 
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pare  observations  in  difTcrent  patieiiis.  Again,  tlie  tangential 
points,  i.e.,  th«  poiiiu  at  Mhich  the  cone  of  rays  toudics 
the  heart,  are  not  all  in  the  same  frontal  jilatic  and  they  vary 
according  to  the  distance  of  the  focu»-tube,  the  volume 
of  the  heart,  its  position  and  tt$  inclinutiun. 

All  these  causes  of  error  would  be  removed  if  we  could 
measure  the  heart  directly  by  means  of  orthc^onal  projec- 
tion with  a  parallel  beam. 

The  first  orthodiagraphs  were  made  about  the  same 
lime  in  Germany  by  Prof.  Morifs  and  in  France  in  Bou- 
chord's  laboratorj',  where  tny  method  of  vertical  ortliodiag- 
raphy  was  employed.  Since  then,  an  apparatus  has  been 
made  in  Germany  in  which  a  style  Or  inscribing  point  i* 
attached  to  tlie  focus-tube.  Tht  focus-tube  is  mo;e<I  in  Ihe 
rear  of  tlic  patient  by  means  of  a  system  of  jointca  <evers. 
The  style,  which  is  kept  perpendicular  to  tlie  plan*,  of 
Uie  screen,  follows  the  movements  of  the  fociis-tube,  anj 
makes  a  trace  on  a  chart  placed  parallel  to  the  screen.  Wlien 
the  patient  is  placed  opposite  the  tube  tlie  position  of  the 
normal  ray  is  indicated  by  the  shadow  of  the  style  in  the 
centre  of  an  opaijue  ring.  By  moving  the  lOCJS-tube,  the 
normal  ray  is  made  to  pass  romid  tlie  contour  of  the  heart, 
while  at  the  same  lime  the  st)'lc  makes  a  corresponding 
trace  on  the  cliart.  This  apparatus  >vas  designed  by  Prof. 
Mortis  in  igoo.  It  may  be  employed  eitlier  in  the  horizonlai 
or  the  vertical  direction.  Tlie  latter  position,  which  is  the 
most  convenient  for  clinical  examination,  has  the  disad- 
vantage that  it  is  difficult  to  keep  the  frontal  plane  of  tlie 
patient  parallel  with  the  plane  in  which  the  focus-tube 
moves.  Another  disadvantage  is  that  the  movable  screen 
being  small,  gives  but  a  partial  view  of  tlie  chest.  It  is 
moreover  a  cttmbroiis  apparatus. 

In  Prof.  Bouchard's  laboratory  wc  adapt  my  movable 
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two  lateral  supports,  and  the  fluorescent  screen  is  adjusted 
at  a  convenient  hcighL  By  means  of  the  cords,  the  normal 
ray  is  brought  to  a  position  ungcntia]  to  the  heart.  We 
may  now  draw  with  a  Fabtf't  pencil  a  small  part  of  the 
contour  of  tlic  heart  on  the  screen.  The  focus-tube  b 
then  moved  till  the  norma.1  ray  is  tangential  to  another  spot 
of  the  heart,  and  tlie  process  is  repeated.  Willi  six  to  eight 
points  determined,  the  whole  orthogonal  contour  can  be 
drawn.  The  position  of  the  sternal  notch  and  the  lateral 
limits  of  the  thorax  are  also  indicated.  We  niay  then  take 
a  tracing  of  the  contour  on  transparent  paper  divided  into 
centimetre  squares. 

The  area  may  be  estimated  by  counting  the  squares  or, 
what  is  mueli  to  be  preferred,  by  meant  of  Amtlcr's  plani- 
RKter. 

According  to  my  observations,  the  volume  of  the  h«irt 
may  be  estimated  by  multipljing  the  area  by  one-half  of 
its  transverse  diameter.  The  calculation  of  the  volunie, 
however,  is  superfluous,  since  all  that  we  require  is  some 
means  of  comparing  the  areas  of  projection  in  diSerest 
cases. 

The  following  table  shews  the  mean  of  a  scries  of 
measurements  made  by  BoHchard  and  Balthazard.  They 
determined  the  cardiac  area  S  in  a  number  of  cases,  both 
normal  and  diseased.  Tlicy  also  determined  the  ratio  of 
the  patient's  height  H,  to  the  frontal  surface  of  the  thorax 
T,  the  weight  P,  and  the  amount  of  fixed  albumen  An. 
The  frontal  surface  of  ihe  thorax  is  the  product  of  the 
breadth  at  the  level  of  the  xyphoid  cartilage,  and  the  depth 
from  the  sternal  notch  to  the  diaphragm. 

S  S  S  S 


1 


R 


An 


Men  .  . 
Women 


89.5        5.34       0.199        i-SS       9M 


4.93 


0.213        t.48       <M9 
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The  ratio  S/An  is  the  most  important.  The  following 
is  Bouchard's  rule  for  determining  the  weight  of  fixed 
albumen  in  the  body. 

1.  Measure  the  height  of  the  paticnL 

2.  Determine  the  mean  norma)  weight  corresponding  to 
that  height  by  means  of  Bouchard's  tabic. 

In  the  absence  of  a  table  itie  following  is  a  rough  method 
of  determining  the  weighL  Multiply  the  height  m  deci- 
metres  by  8,  and  subtract  66.  This  is  correct  enough  for 
heights  between  140  and  182  centimetres.  Between  182  and 
185  centinielres,  the  number  to  be  deducted  is  67,  and  68 
for  any  height  above  this. 

Example. — A  man  1 55  cm.  in  height  should  weigh 
15.5X8  —  66—58  kilograms.  In  Bouchard's  tables  tlw 
number  given  is  58/1  kilos. 

A  patient  170  cm.  in  height  should  weigh  17  X  8  —  66^ 
70  kilograms.    (70.6  in  Boucluird's  tables.) 

3.  Correct  the  weight  thus  obtained  for  age,  build  and 
musculature.  In  order  to  do  this  wc  multiply  the  normal 
weight  corresponding  to  the  height  by  the  coefficients  of 
age  and  build.  These  have  been  calculated  by  Bouchard  in 
order  to  compensate  errors  <Iue  to  age.  the  site  of  the 
skeleton,  and  the  muscular  development. 
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4.  Since  the  fixed  albumen  represents  l^it  per  cent 
the  normal  weight,  it  is  easy  to  determine  the  weight  of 
fixed  albumen  in  a  patient  whose  height,  a^  and  build 
arc  given,  since  the  nonnal  weight  can  be  calculated  from 
these  data.    In  addition  to  the  foregoing,  a  correction  sli 
be  made  for  the  degree  of  muscularity  of  the  patient, 
a  very  strong  muiicnlaliire  the  fixed  albumen  will  be  15.S 
per  cent  instead  of  14.8.  The  following  is  a  tabic  of  corrc^ 
tions  according  to  the  degree  of  musculature:  fl 

Musculature  Fraction  of  weight  present 

t  as  fixed  albumen. 

Very  strong 1581 

Strong 1552 

Rather  strong 1505 

Medium 148 

Feeble 1457 

Very  feeble 143 1 

Let  us  take  for  an  example  a  man  of  32  years  of  age. 
rather  stout  figure  and  rather  Mrong  musculature,  170 
in  height. 

His  normal  weight  will  be:    17  X  S  —  66  =  70  kiloa. 

Corrections  for  tigurc  and  miisclature: 

70  X  1.04.  X  1-05  ~  76-44  kilos. 

No  correction  for  age. 
Since  his  musculature  is  rather  strong,  we  shall  have  for 
his  fixed  albumen:    76.44  X  -1505  =  ir.50  kilos, 

5.  We  have  thus  obtained  the  weight  of  albumen  if  tlie 
patient  is  normal.  Is  he  nonnal?  llie  weighing  machine 
will  settle  this  question.  If  lie  weighs  more  than  76.44  kilos, 
the  surplus  is  due  to  fat,  and  the  fixed  albumen  will  still  be 
11.5  kilos.  If  be  weighs  less  than  76.44  kilos  we  must  re- 
member that  a  loss  of  i  kilo  corresponds  to  a  loss  of  .140 
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kilos  of  fixed  albumen.  If  tlie  patient  is  7  kUos  under 
weight,  we  must  deduct  7  X  -140  =  -qS  kilos  from  tlie  cal- 
culatcd  weight  of  his  albumen. 

11.50 — .98—  10.52  kilos 


^ 


In  diildren  the  S>«:  of  the  heart  is  larger  in  proportion  to 
the  weigiit  of  the  body. 

In  heart  disease  the  ratio  S/An  ts  increased. 

In  tubercular  ]Mttents  in  early  stages  of  the  disease,  and 
in  those  who  are  inclined  lo  phthisis,  the  ratio  S/.An  i*  dim- 
inished, whereas  in  old  tuberculous  cases  the  ratio  is  in- 
creased in  consequence  of  dilatation  of  tlic  heart, 

4*7.  Aneurism.— In  par.  425  wc  have  seen  the  im- 
porlance  of  the  X-rays  in  the  diagnosis  of  aneurism  of  the 
larger  vessels.  Electricity  is  also  of  great  use  in  tbc  treat- 
ment of  ihb  disease.  Whenever  an  aneurism  is  operable  it 
should  be  treated  surgically,  since  electric  treatment  is  only 
palUatiTc,  and  a  permanent  cure  is  but  rarely  obtained. 

When  an  aneurism  is  inoperable,  as  is  the  case  with 
aneurism  of  the  aorta,  it  should  be  treated  by  galvano- 
puDcture, 

Pravas  and  Cucrard  in  1831  demonstrated  the  utility  of 
galvano-punctiirc.  They  were  followed  by  Petrequin  and 
Ciniselli,  and  the  leclmiquc  was  perfected  by  Dujardin-Beau- 
tnels  in  1877- 

Mc4t  of  opcraling  by  position  galt'Ono-punclurc  for 
aneurtsttt. — An  iron  or  platinum  needle  covered  with  slicllac 
up  to  jfi  centimetre  from  the  point  is  thrust  to  a  depth 
of  two  or  three  centimetres  into  the  anciirismal  sac  It  is 
then  connected  lo  the  (wsitivc  pole  of  llie  galvanic  current, 
an  indifferent  cathode  of  200  sq.  cm.  being  placed  on  some 
distant  part  of  the  body. 
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A  ctiiTcnt  of  30  milliampcrcs  is  passed  for  30  to  60 
iTiioutcs,  and  the  operation  is  repeated  every  ten  or  fifteen 
days. 

We  will  pass  each  point  of  the  operation  in  review  to 
detail,  since  the  operation  is  a  very  delicate  one,  and  de- 
mands great  care. 

1.  Thf  gahvttO'puHcture  should  be  positive.  It  is 
important  to  make  sure  of  the  polarity  of  Ilie  needle  befor 
the  operation.  One  can  never  be  certain  that  the  sig;n6  4-'^ 
and  —  on  the  instrument  arc  correct.  A  workman  may  have 
altered  the  connections,  or  a  current  rcvcrscr  may  have  been 
placed  in  the  circuit.  As  a  mistake  in  this  point  may  be 
fatal  by  causing  hsnnorrhage,  it  is  important  to  test  tltc 
polarity  of  the  needle  immediately  before  llie  operation.  This 
may  be  done  by  means  of  the  usual  pole-testing  paper,  or 
we  may  place  the  two  wires  in  water  with  two  inverted  test 
tubes  over  them.  Hydrogen  wil!  be  disengaged  from  the 
negative  pole,  while  the  positive  pole  will  be  oxidized. 

The  reason  for  using  the  positive  pole  is  as  follows :  The 
positive  clot,  i.e.,  the  chlorine  clot,  adheres  to  the  needle 
and  to  the  walls  of  tlie  vessel  and  extends  for  some  dis-^ 
tance  beyond  the  point  of  puncture.  When,  therefore,  the 
needle  is  extracted,  there  is  no  hfcmorrhage ;  on  the  other 
hand,  the  negative  clot,  i.e..  the  clot  formed  round  the 
soditmi  and  other  bases,  is  soft  and  spongy.  In  spite  of 
its  insulation.  Hie  walls  of  the  vessel  may  be  injured  by  the 
needle  and  hemorrhage  will  follow  the  extraction  of  the 
needle. 

2.  Choice    of    the    needle. — Dujardin-Beaumets  recom- 
mends tlie  use  of  steel  needles,  because  the  CI  set  free  at 
positive  electrode   forms  a   hscmostatic  compound   FcCl^- 
Larat  prefers  a  ptatimun  needle,  since  the  steel  becomes 
rough  and  has  a  tendency  to  wound  the  vessel.    The  needle 
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sliould  be  Oyi  centimetres  in  length,  aiid  6  millimetres  in 
diameter. 

3.  The  needle  should  be  carefully  insulaled  with  shellac 
throughout  its  whole  length,  with  the  exception  of  a  small 
portion  at  the  point.  There  should  be  only  J'S  to  i  mm.  of 
bare  metal,  in  order  to  avoid  hemorrhage.  The  in&iilation 
of  the  needle  is  as  important  as  its  polarity. 

4.  FuncturtHg. — ^The  holder  designed  by  Dujardin-Beau- 
mets,  or  some  other  needle  holder,  should  be  used.  One  may 
be  certain  of  its  proper  position  by  noticing  the  rhythmic 
movement  of  its  free  end. 

5.  The  mlemily  shoidd  be  about  30  milliampcrcs.  Some 
operators  go  up  to  50  milliampcres,  but  a  current  above  30 
milliampcrcs  produces  very  severe  pain,  which  is  quite  un- 
iiccc*iary.  A  niunbcr  of  needles  may  be  employed  simul- 
taneously, each  being  connected  to  the  positive  pole. 

Results. — For  24  hours  after  tlie  operation  there  is  con- 
siderable reaction,  swelling,  and  increased  sensibility.  At 
the  end  of  3  to  8  seances  the  pulsation  becomes  less  ap- 
parent and  tlic  wall  of  the  vessel  appears  to  tluckcn.  Tlie 
explanation  of  this  reaction  is  not  very  clear,  allliough 
coagulation  of  the  fibrin  of  the  blood  plays  a  certain  part. 
It  is  not  always  safe  lo  interi»ret  the  phenomena  occurring 
in  a  living  vessel,  tlirongh  which  blood  is  continually  cirai- 
lating,  by  those  which  happen  in  a  test  tube  where  the  blood 
is  at  rest.  In  Larat's  opinion,  tliere  is  an  electrolytic  action 
on  tile  internal  surface  of  the  ancurismal  sac,  and  a  curative 
endarteritis  is  set  up.  resulting  in  the  deposition  of  succes- 
sive layers  of  fibrin.  The  aneurisms  which  are  most  suitable 
for  galvano- puncture  are  those  which  arc  easily  accessible 
'or  those  which,  like  aneurism  of  (he  aorta,  project  l>cneath 
the  skin, 
428.  Angioma — Vascular  Nscvus. — From  an  electrical 
int  of  view,  the  angiomata  may  be  divided  into  two  catc- 
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gorks.  The  first  is  simple  angioma,  flat  or  only  sUglitly 
raised,  in  which  there  is  multipiication  of  the  smaller  blood 
vessels  without  dilation.  Tfae  second  variety,  the  more  im* 
portani,  is  characterised  by  dilation  of  the  blood  vessels. 

Between  the  two  varieties  tliere  is  only  a  difference  of  de- 
gree- In  the  former  category  we  may  include  btrtli-mirks, 
nw%'i  vasculare*,  wine-marics,  blood  stains  and  tlie  telangi- 
ectases of  Hebra.  In  the  second  division  we  have  raited 
nsevi,  projecting  or  caverrKius  angiomata.  vascular  tumoun, 
erectile  tumours,  spongy  aneurisms,  and  the  venous  telai^p- 
cctascs  of  Schuh. 

Angioma  may  be  treated  by  bipolar  electrolysis  after 
Bergonii's  method.  Two  needles  arc  thrust  oblicjuely  in!o 
the  tumour.  These  can  be  kept  parallel  to  one  another  bj' 
the  use  of  a  special  needle-liolder  desigiK'd  by  Bergonit. 
TiKy  should  be  .8  millimetre  in  diameter,  and  should  te 
covered  nearly  up  to  the  point  with  a  varnish  of  shellac.  The 
distance  between  them  may  vary  from  2  to  12  millimetres. 

A  constant  current  of  so  to  40  milliamperes  should  be 
used,  with  a  duration  of  3  to  5  minutes.  According  to 
Bergonif,  as  much  as  40  milliamperes  may  be  used  for  1 
large  angioma. 

The  treatment  is  the  same  for  the  simpler  variety  as  fcf 
the  large  lacunar  angioma,  in  the  interior  of  which  there  is 
a  veritable  lake  of  blood,  analagoiis  to  tliat  found  in  erectile 
tissue.  In  the  latter  case  one  must  be  careful  not  to  cauter- 
ise tlic  tissue,  im\  to  keirp  the  bare  point  of  the  needle  u 
far  as  possible  from  tlte  wall  of  tlic  vessel.  It  is  not,  how- 
ever, so  important  in  these  eases  to  use  only  the  positive  pole 
as  it  is  in  tlie  treatntcnt  of  aneurism.  Tlie  skin  at  the  point 
of  puncture  should  be  watched.  If  it  changes  colour,  there 
is  some  defect  in  the  insulation  of  the  needles.  The  currenl 
must  be  cut  off,  tlie  needles  withdrawn,  and  a  puncture  nude 
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The  treatment  may 
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^H  tn  another  situation  with  a  fresh  needle. 
^^   be  repeated  once  a  furtniglit. 

Electrolysis  gives  the  best  rcsulu  in  severe  cases  of 
angioma,  or  io  simple  angiomata  which  are  raised  and 
^B  vascular.  In  tlie  treatment  of  birth-iitarks  it  is  doubtful 
^B  whether  it  is  advantageous  to  replace  tlie  red  patches  by 
I  cicatricial  tissue.  In  these  cases  we  may  use  weaker  cur- 
I  rents  of  5  to  10  milHamperes  witli  llic  bipolar  method,  with 
I  a  duration  of  15  to  30  seconds  only  for  each  puncture.  In 
this  way  wc  obtain  most  excellent  results. 

Of  late,  Bergonii  has  employed  a  mucli  simpler  treatment 
for  ttiese  angiomatous  patches.  It  consists  in  the  applica- 
tion of  the  high-frequency  aigrette  and  sparks,  using  a  bare 
metal  electrode  attached  to  the  resonator.  The  violet  coloured 
tissue  iKgins  at  once  to  blanche.  This  is  followed  by  an  in- 
flammatory reaction  more  or  less  violent,  resulting  in  a  cure 
of  the  subcutaneous  afTection,  but  leaving  the  epidermis 
somewhat  discoloured. 

The  duration  and  intensity  of  the  seances  vary  according 

>tO  circumstances.     Cuillos  has  also  obtained  good  results 

from  this  treatment  in  acne  rosacea.     I  have  seen  a  very 

obstinate  case  of  acne  rosacea  yield  to  this  treatment,  but 

it  recurred,  however,  after  some  time. 

Angiokeratoma,  or  dilatation  of  vessels  without  formation 
of  new  tissue,  may  also  be  treated  by  electrolyiiis, 

439t  Varix — Varicose  Ulcer — Phlebitis. — In  Lanfs 
hands,  the  employment  of  the  hydro-electric  bath  with  sinu- 
s(ridat  currents  has  given  good  results  in  the  treatment  of 
varix.  This  was  probably  due  to  tlu-  stimuLition  of  the 
venous  circulation  by  general  contraction  of  the  muscles. 

In  cases  of  ulceration,  the  best  treatment  is  by  means  of 
static  effleuves  or  high  frequency  eflleuves.  Ttw  latter  is 
most  efficacious,  promoting  rapid  healing. 
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Stalk  eMeuvation. — The  patient  is  placed  on  the  insu 
stool  and  coruiKKxl  to  tlic  negative  pole.    TItc  metal  pcHntj 
connected  to  tlie  positive  pole  sbouM  be  directed  on  thej 
ulcer,  sufficiently  tar  off  to  prevent  the  passage  of  sparks.  '. 
The  seance  may  be  repeated  every  other  day. 

High  frequency  effteuxts. — ^The  resonator  should  be 
adjusted  so  as  to  give  long  cffleuvcs.  The  patient  is  not  in- 
sulated. The  electrode  for  giving  efllcuves  is  supported 
on  an  insulated  stand  and  connected  to  the  resonator  by  a , 
flexible  wire.  Duration,  to  to  1$  minutes,  repeated  every 
other  day. 

Many  explanations  have  been  given  of  the  ra^d  action 
of  high  frequency  cfflcuves:  among  them,  ozotiisation,  action 
on  the  trophic  nerves,  action  of  ullra-vtolet  radiation  on  the 
nutrition  of  tlie  tissues,  etc.  , 

Boudet  of  Faris  has  obtained  good  results  from  galvanisa-  fl 
tion.  ™ 

Haemorrhoids  are  also  rapidly  ameliorated  by  the  loc^ 
application  of  high  frequency  currents.    (541.) 

In  cases  of  phlebitis,  M,  A.  Cleaves  prescribes  negative' 
labilp  galvanisation  along  tlie  course  of  tlie  vein,  using  8  to 
ao  iDilliamperes,  followed  by  the  employment  of  tlie  simian- 
dal  current. 

430.  Oedema —  Pseudoelephantiasis.  —  Good  results 
may  be  obtained  from  negative  galvanisation.  The  leg 
should  be  enveloped  in  a  large  active  cathode,  the  indifferrn! 
anode  being  placed  on  the  loins.  Weill  obtained  rapid  in"- 
provemeiil  by  this  method,  using  a  current  of  50  imlli- 
amperes. 

431.  Lymphangioma.  —  Lymphangioma  and  macro- 
glossia,  which  is  only  a  local  variety  of  llic  former,  may  be 
treated  in  the  same  way  as  angioma,  I'his  is  best  done  by 
bipolar  electrolysis,  by  means  of  two  needles  mounted  in 
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Btrgonie's  handle.  (428.)  latcnsity,  20  to  40  millianipcrcs 
except  for  the  tongue,  where  wi:  shoulU  not  cxce«d  an  in- 
tensit)-  of  10  milliampercs. 

432.  Chronic  Adenitis. — Gaivanisiition  often  yields 
good  restilt^t  in  procuring  the  absorjition  of  Uic  tumour. 
In  tubercular  adenitis  there  is  not  much  hope  of  success, 
and  if  there  is  any  sign  of  softening  it  is  belter  to  abstain 
from  all  electrical  interference.  At  the  commencement  of  all 
treatment  of  glandular  enlargement,  it  is  as  welt  to  warn  llie 
patient  that  suppuration  may  supervene  in  spite  of  the  treat- 
meot. 

A  cathode  of  appn^riate  sixe  should  be  applied  to  the 
tumour,  with  an  indilTcrent  anode  of  150  to  aoo  sq.  cm. 
on  the  nape  of  the  neck  or  back.  The  intensit)'  should  be 
regulated  so  as  to  have  an  electrical  intensity  under  (!)e 
cathode  of  .5  ntilliampcres  per  sq.  cm.,  i.e.,  10  milliampcres 
may  be  given  with  a  cathode  of  20  sq.  cm.  Duration  of  the 
seance  15  minutes. — Seances  every  two  or  three  days, 

43^  LeukaEmia. — Leuksemia,  leticocythemia.  or  lym- 
phadcma  is  a  morbid  process  characterised  by  an  abnormal 
niultiplicatinn  of  the  white  cells  of  the  blood  and  an  in- 
creased proliferation  of  the  adenoid  tissue  over  the  whole 
body,  including  the  spleen  and  the  lymphatic  glands.  Nor- 
mally there  are  some  JfXJO  white  cells  in  each  cubic  milli- 
metre of  blood,  in  tlie  proportion  of  one  white  to  800  red 
cells.  These  white  cells  arc  of  several  varieties,  and  are 
found  normally  in  Oie  following  proportions: 

Lympkocytet.  snull  cells  of  the  «z«  of  the  r«d 
corpusic*.  each  ponxtsstng  a  single  large 
micleui.  Tlirse  •re  found  mote  particatarly 
in  the  Ijrmphaiic  gland* 3  per  cent 

Large  Mononu^itar  Lntocylet.  some  o(  whieli 
shew  a  nucleus  in  process  of  division 36  per  cent 

Largt  PoiynucUar  Leueocyttt 60  per  cent 

EosinofhiU  LfuctteyUt.  *o  called  on  account  of 
their  granular  contents  being  suined  by   cosin  .    Itoaperccnt 
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An  increase  in  the  number  of  white  cells  occurs  in 
diseases  besides  leukaemia.    It  occurs  during  the  course  dI 
all  the  infectious  diseases,  and  affects  more  especiaUy  the 
polynuclcar  leucocytes,  whose  proportion  may   rise  tOj 
per  cent  or  more. 

In  Lymphocythemia  the  Lymphocytes  more  particiil 
arc  increased.  In  Myelocythemia  there  is  an  increase  in  all 
varieties  of  white  cells,  with  a  production  of  new  forms, 
originating  from  tlie  medulla  of  the  long  bones,  or  from 
myeloid  nco-formatkicis. 

In  all  cases,  whether  acute  or  chronic,  this  disease  ban 
hitherto  invariably  proved  fatal. 

Radi&diiisnosis.  Radioscopy  is  of  little  use  in  diagnosti, 
except  in  so  far  as  it  may  enable  us  to  determine  the  coo- 
dition  of  the  mediastinal  glands. 

Radiothcrapeittics.  Before  the  introduction  of  the  RSnt: 
jjcn  rays.  Medicine  was  completely  disarmed  in  presence  (ri 
this  most  fatal  disease.  At  the  present  time  we  may  assert 
that  we  possess  in  the  X-rays  an  agciKy  which  is  tnJj 
curative,  and  this  in  sptte  of  many  lailures  and  a  few 
instances  of  recurrence  which  have  been  recently  reported. 

In  August,  1903.  Senn^  reported  a  case  of  myelogenic 
leukemia  of  the  splenic  type  cured  by  the  X-rays.  He 
irradiatetl  the  spleen,  the  sternum  and  the  epiphyses  of  tN 
long  bones. 

In  the  following  year  Aubertin  and  Beaujard  found,  ini' 
mediately  after  irradiation  of  the  spleen,  a  notable  increase 
in  the  number  of  leucocytes  in  the  blood.  This  was  fol- 
lowed by  a  more  marked  decrease,  and  tlie  white  blood 
count  sank  far  below  its  former  level.  As  the  seances  are 
repeated  the  primary  reaction  becomes  slower  and  weaker 
and  finally  ceases  entirely.  The  diminution  in  the  number 
of  white  cells  is,  however,  permanent.* 

*  U«<Iital  RFCor«t,  AuKUi^t.  igoj. 

■Archives  General  dc  Medecine,  1905. 
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/.  Capps  and  /.  Smith*  have  confirmed  the  prcliniinary 
inflamiiiiitory  reaction  of  the  I>'[tiphoi<l  org^ans,  foUoucd  by 
a  diminution  of  their  volume.  They  consider  that  Radio- 
therapy has  a  remarkable  cffcet,  which  is,  however,  not  abso- 
lute. In  certain  ca&es  the  !i[>leen  does  not  regain  its  normal 
volume,  and  death  may  ensue  even  when  this  is  the  cas^ 
and  the  blood  count  has  become  normal.  They  also  report 
frequent  instances  of  recurrence. 

Hynek,  working  in  Prof.  Moixner's  clinic  at  Prague,  lias 
also  drawn  attention  to  the  frequency  of  relapse.  Biclirt 
considers  that  a  satisfactory  result  is  almost  certain  in  early 
cases,  so  much  so  thai  in  the  future  Rontgenlherapy  may 
prove  a  means  of  diagnosis.' 

It  is  at  present  impossible  to  explain  the  precise  mode  tn 
which  the  X-rays  act. 

Heinecke*  shews  that  in  animals  exposed  lo  the  X-rays 
there  is  a  diminution  of  the  size  of  the  spleen  and  a  dis- 
appearance of  the  malpighian  follicles.  There  is  a  similar 
action  on  all  the  l>fnphoid  organs,  the  lymphocytes  being, 
of  all  cells,  those  whicli  are  most  readily  afTected. 

>  Journal  of  American  Medical  Association,  September.  1904. 

*  BMitt,  Arehires  d'tlcctricitc  niidicale,  July,  igo^;  Dc  b 
Camp,  Thcrapic  dcr  Gcgcnwart.  March,  1905:  Paul  Krauit. 
Foriscliriiieiuf  dcm  Gebict  Jet  KuntKenxtradlen.  Feb.  and  April, 
190S:  G.  Doelc,  American  Medicine,  Dec,  1904;  G.  Dock,  Arcliivc* 
of  ihe  Ronigcn  Ray,  No.  601  1905. 

*  M&achcBer  mediiinische  Woche 


/ochenscbrift,  Dec,  igoj,  and  May, 


CHAPTER   IIL 

BONES  AND  JOINTS. 

434.  Diseases  of  the  bones  &nd  articulations. — These 
affections  are  of  interest  to  the  medical  electrician  botbj 
from  the  point  of  v'levf  of  diagnosis  and  of  treatment 

The  action  of  electrical  Iherapculics  is  very  restricted  in 
lliis  direction.  Wc  may,  however,  be  called  on  to  treat  hy- 
droarthrosis  or  other  affections  of  the  joints  due  to  trau- 
matism, luxation,  fracture,  or  injury  to  the  neighbouring 
nerves  or  muscles  (377). 

It  is,  however,  radioMtiag^iosis  that  will  chiefly  occupy^ 
our  attention  in  this  chapter.     Kadioscopic  exploration  is  of 
the  greatest  service  in  the  study  of  luxations,  fractures,  mal- 
formations, inflammatory  affections  and  troubles  of  nutri- 
tion. 

The  radio-diagnosis  of  injuries  of  the  bones  and  joints  Is 
often  of  the  greatest  importance  in  mcdico-tegal  en<iuiries, 
where  no  error  in  techni<iiie  is  permissible. 

We  sliall  give  here  the  rules  to  be  followed  in  the  radio- 
logical examination  of  each  region,  and  particularly  of  the 
timbs.  These  nilcs  will  en:ible  us  to  define  exactly  what 
has  been  done,  and  to  repeat  the  examination  under  the 
same  conditions,  at  a  future  time. 

435.  Radiodiagnosts  of  fractures  and  dislocations.— 
I.  The  position  of  the  fatieni  should  he  defined.  If  the 
patient  ts  interposed  between  the  focus  tube  placed  on  his 
sternum  and  the  screen  placed  on  his  hack,  the  image  will 
be  that  due  to  the  superpo«tion  of  a  series  of  transverse  or 
frontal  sections  of  the  body. 

As  long  as  they  arc  parallel  to  the  screen  tlie  images  of 
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eacli  of  these  sections  will  be  iiiagiiific<l,  but  not  deformed. 
The  total  image  will  be  best  when  the  fucus  tube  illuminates 
the  centre  of  each  iicction  perpendicularly.  When  the  pa- 
tient is  irradiated  so  tltat  the  frontal  sections  are  not  de- 
fonticd,  the  image  is  said  to  be  a  frontal  radiograph,  the 
patient  is  said  to  be  in  the  froHlal  position,  and  the  p!ane  of 
examination  is  the  frontal  plane. 

Two  positions  are  used  for  the  examination  of  any  part 
of  the  body,  tlte  frontal  position  and  the  sagittal  position, 
at  right  angles  to  the  fonner.  Occasionally,  in  the  examina- 
tion oi  fractures  and  dislocations,  an  intermediate  position 
may  be  required.  This  is  deiineil  by  its  reLitioii  to  the  two 
principal  positions. 

2.  The  position  of  the  focus  lube  and  the  incidence  of  the 
rays  must  be  defined.  In  the  frontal  position  the  rays  may 
fall  on  the  anterior  or  posterior  surface  of  tlie  body,  and  in 
the  sagittal  position  they  may  fall  either  on  the  right  or 
left  surface.  This  is  defined  by  saying  the  incidence  is 
anterior  or  posterior,  right  or  left.  Wo  may  also  define  it 
as  a  posterior  or  anterior  view,  since  we  arc  supposed  to  be 
looking  at  the  body  from  the  opposite  side,  ■>.,  the  sur* 
face  of  emergence  of  the  rays. 

\Vc  liave  thus  defined  tlie  position  of  tlic  patient  relative 
to  the  focus  tube.  The  next  thing  is  to  defme  the  direction 
of  the  rays  falUng  on  a  given  point  of  tlic  body  or  of  the 
plane  of  projection.  In  radioscojiy  we  speak  only  of  the 
direction  of  the  rays  falling  on  a  point  of  the  body.  In  ra- 
diography it  is  the  incidence  on  a  given  poini  on  the  plate 
tltat  is  of  importance-  The  ray  usually  chosen  is  the  Konnal 
Ray,  i.e.,  the  ray  which  falls  perpendiailarly  on  the  plane  of 
examination  and  of  projection. 

In  radioscopy  the  direction  of  this  normal  ray  is  shewn 
by  the  indicator  of  incidence  placed  in  front  of  the  lube. 
This  indicator  marics  the  normal  to  the  plane  of  the  tube  car- 
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rier  which  passes  through  the  apex  of  the  cone  of  tnas- 
sion.  Suposc,  for  instance,  we  wish  to  define  the  exact  po- 
sition from  which  a  jJciagram  of  a  broken  rib  was  taken; 
we  may  say  t)ut  the  patient  was  placed  in  the  sagfittal  plane 
and  that  the  normal  ray  impinged  on  the  nipple  or  any  other 
defined  point  of  the  integument. 

In  radiography  we  place  an  index  to  coincide  with  the 
nonnal  ray,  so  that  its  position  may  be  indicated  on  the 
print,  while  at  tlic  same  time  wc  define  the  point  of  the 
body  on  which  the  normal  ray  impinges.  This  spot  may  be 
indicated  by  the  intersection  of  two  lines  on  the  margin 
of  the  plate,  as  recommended  by  M.  BertinSans, 

i  must  refer  the  reader  to  Boucitard's  "Traiti  de  radtolo- 
gie"  for  the  complete  study  of  this  f|ue5tion,  aod  for  a 
description  of  the  principal  methods  used  in  practice.  I  will 
only  allude  lo  the  means  of  di^fining  more  accurately  a  point 
on  the  surface  of  the  body.  At  tlie  Congress  of  BoulogrK,  in 
1899, 1  suggested  a  general  mode  of  procedure  which  I  have 
found  most  useful. 

It  consists  in  defining  a  point  by  two  measurements,  one 
of  which  is  its  perpendicular  distance  from  a  given  axis. 
For  the  arm  the  anterior  brachial  axis  is  a  line  drau*n  from 
the  acromio-clavicular  articulation  through  the  centre  of 
the  hollow  of  the  elbow  joint  and  wrist.  For  the  leg,  the 
anterior  crural  axis  passes  from  the  anterior  superior  spine 
of  the  ilium,  through  the  middle  of  the  patelUt  and  the 
ankle.  The  second  measurement  is  the  distance  of  the  per- 
pendicular from  the  origin  of  the  axis.  The  point  is  thus 
defined  by  an  abscissa,  the  length  of  the  perpendicular  drawn 
to  the  axis,  and  an  ordinate,  the  distance  of  the  foot  of  t!ie 
abscissa  from  the  origin  of  the  axis.  The  origin  of  the 
axis  for  the  arm  is  the  acromio-clavicular  articulation ;  for 
the  fore-arm  the  middle  of  tiic  fold  of  tlie  elbow ;  and  for 
the  thigh  the  tliac  spine;  for  the  tliorax  the  mcdio-slemal 
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axis  han  its  origin  in  the  middle  of  the  superior  border  of 
the  sterna]  notch. 

I  am  thus  able  by  means  of  an  abridged  formula  to  deter- 
mine the  conditions  with  the  greatest  exactitude. 

Suppose,  for  example,  a  fore-arm  is  examined  in  the 
frootal  position,  with  anterior  incidena-,  as  in  Fig.  77,  the 


Fig.??. 


normal  ray  impinging  on  ttie  point  I.  We  measure  the  ab- 
scissa drawn  from  I  to  the  axis,  say  3  cm.,  and  the  distance 
of  this  from  the  fold  of  the  arm,  say  6  cm.  Ttien  we  may 
write: 

Rigfit  forc-ann — frontal  position. 
Anterior  incidence. 

Point  of  incidence  of  normal  ray:  {^jSHf^f^^L^  ,„. 

I  usually  note  in  addition  the  length  of  tlie  axis  of  the  limb 
and  the  circumference  of  the  limb.  This  gives  some  idea  of 
the  size  of  the  region  under  consideration.  In  addition  the 
distance  of  tlie  anticathode  from  the  plate  should  be  noted. 
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By  this  simple  mclhod  wc  arc  able  to  work  under  precise 
conditions.  With  these  data  another  operator,  working  un- 
der the  conditions  noted  on  the  print,  should  prodtK«  pre- 
cisely the  same  results.    In  this  case  nothing  is  left  to  chance. 

Special  cases. — In  certain  cases,  as  for  instance  in  hip- 
disease,  or  where  there  is  plaster  splint,  the  plane  of  ex- 
amination cannot  be  conveniently  placed  parallcd  to  the 
plate.  The  position  should  then  be  indicated  as  accurately 
as  possible. 

In  other  instances  the  irTadiation  should  be  oblique.  The 
normal  ray  may  then  fall  outside  the  plate.  In  this  case 
it  is  simpler  to  in;irk  the  position  of  the  point  of  incidence 
of  the  oblique  ray  which  irradiates  the  centre  of  the  area 
under  consideration. 

The  problem  consists  in  defining  the  oblt<iuity  of  the 
oblique  ray  with  the  same  precision  as  the  normal  ray. 

In  par.  315  I  have  shown  liow  this  may  be  done  by  means 
of  the  indicator  of  inn'daice  and  the  radiogoniometer.  It 
may  be  useful  to  repeat  the  metliod  here. 

Practical  method  of  determining  the  normaj  ray,  or  a 
definile  oblique  ray,  in  lite  diagnosis  of  surgical  affections 
of  the  bones  and  joints. — Wliatcver  make  of  couch  is  used, 
it  should  be  provided  with  a  lube-carrier  furnished  with  an 
indicator  of  incidence,  1,^.,  a  wire  cross  whidi  is  interposed 
in  the  course  of  the  ray  to  be  measured.  A  useful  coudi  is 
that  made  by  Radiguet  and  Alassiot  at  my  suggestion,  and 
described  in  the  Archnvs  d'Electriciti  Mldicale  of  February/ 
1903.  If  we  wish  to  employ  ihe  normal  ray  we  place  on  the 
plane  of  projection  a  fluorescent  screen  with  a  vertical  st>'le, 
as  in  the  apparatus  of  Virgilio  Machado.  Or  we  may  use ' 
my  radiogoniometer,  with  the  two  indexes  at  0*.  The 
focus  tube  must  then  be  adjusted  so  that  the  shadow  of  the 
style  is  reduced  to  a  point,  when  the  screen  will  be  normally 
irradiated.    TTie  cross  of  the  indicator  may  then  be  adjusted 


AXt>  J0IHT9 


ii3 


that  it8  intersection  is  projected  on  the  centre  of  the 
screen. 

U  an  oblique  ray  is  to  be  employed,  for  instance  one  in- 
clined to  30*  to  the  right  and  20'  towards  the  head  of  tlie 
patient,  we  mu»l  make  use  of  the  radiofjoniometcr.  Thii 
instrument  is  placed  00  the  plane  of  support  of  the  part 
under  examination,  with  its  longitudinal  axis  parallel  to  the 


Kg.  76.— Radiogoniometer. 

axis  of  the  limb.  The  index  is  moved  20'  to  the  right  and 
Xt"  towards  the  head,  and  the  focus  tube  adjusted  till  the 
shadow  of  the  index  on  the  screen  is  reduced  to  a  point. 

If,  on  the  other  hand,  we  have  taken  an  observation  with 
a  certain  oblique  position  of  the  tube  and  we  desire  to  ddine 
it  for  further  reference,  we  proceed  by  the  inverse  method. 
The  stand  of  the  radiogoniometer  is  placed  as  before,  and 
the  measuring  arcs  arc  moved  until  the  stiadow  of  their  ia- 
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tersection  falls  on  the  centre  of  a  small  fluorescent  screen. 
It  is  then  only  necessary  to  read  and  record  the  angles  tndi- 
cated- 

435a.  Clinical  results. — A  radioscopic  examination  win 
often  suffice  for  diagnosis.  When  this  is  not  the  case,  and 
the  clinicnl  symptoms  point  to  a  fracture,  a  r3dio):;fraph 
should  be  taken.  This  should  be  done  as  a  matter  of  routine 
when  the  fracture  ts  near  a  joint,  as  there  may  also  be  a 
fracture  into  the  joint  or  a  dislocation. 

In  examining  with  the  screen  the  tube  should  be  moved 
in  every  direction,  so  that  the  rays  may  pais  completcljr 
through  the  fracture,  which  will  then  appear  distinctly 
trasted  with  the  ends  of  (he  bones. 

The  X-rays  also  enahle  us  to  follow  the  production 
callus.  At  first  the  fibrous  callus  is  transparent,  bccomfiig 
more  visible  at  the  end  of  the  second  week,  and  taking  on 
its  definite  aspect  at  the  end  of  the  second  month.  As  Prof. 
Imbert  has  pointed  out,  decalcification  of  the  bone,  mani- 
fested by  greater  transparciKy,  may  result  from  even 
injuries. 

436.  Periostitis. — Pcriosiilis  is  characterised 
fusiform  swelling  around  the  bone,  which  is  more 
parent  than  the  osseus  tissue. 

437.  Osteomyelitis. — .'\t  its  commencement  osteo- 
myelitis is  not  recognisable  by  means  of  the  X-rays.  Radio- 
diagnosis  docs  not  enable  us  to  detect  the  formation  of  put. 
This  is  unfortunate,  as  it  is  in  the  earlier  stages  that  sur- 
gical inter\-ention  is  most  efficacious.  I.ater  on  in  the  dis- 
ease spots  of  greater  transparency  may  be  seen  where  the 
osseous  tissue  has  been  destroyed.  When  sequestra  an 
formed  radio-diagnosis  is  most  useful,  as  it  enables  \n 
ascertain  their  exact  position, 

438.  Osseus  Tuberculosis. — Under  radiological  »■ 
amination  osseous  tuberculosis,  or  white  swelling,  is 
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manifest  by  the  comparative  transparency  of  the  bone.  In 
certain  cases  even  advanced  tuberculosis  may  sometimes  be 
overlooked,  caseoiis  manses  of  the  size  of  a  hazel-nut  not 
being  diffcrcntiatcti  from  the  neighbouring  tissue. 

According  to  most  obsen-crs  the  bone  in  the  neighbour- 
hood of  a  tuberculous  luiiKHir  becomes  more  transparent, 
owing  to  the  decalciikaiion  whicli  precedes  the  tnbcrculoua 
invasion.  This  decalcification  is  not  pathognomonic  of  osse- 
ous tuberculosis,  being  al.«o  noticeable  in  the  arthritis  of 
streptococcic  or  f^inococcic  origin  {tVtrtkeim  Sahmonson). 
It  is  akin  to  the  decalcification  observed  by  hnbert  (435)- 

EUctrO'lheraf'eulies. — During  the  early  stages  there 
should  be  no  interference.  After  tlie  inflammatory  symp- 
toms have  subsided  the  continuous  current  may  be  used, 
and  the  accompanying  muscular  atrophy  may  be  treated  by 
the  galvano-faradic  current. 

439-  Sj'phJIis. — Syphilitic  giammata  of  the  bones  ap- 
pear as  transparent  patches.  At  the  same  time  there  usually 
appear  on  the  ends  of  the  long  bones  certain  ncoformations 
of  (he  periosteum  which  give  the  syphilitic  bone  a  distinc- 
tive appearance. 

440.  Arthritis, — Radio-diagnosis.  —  Under  radiological 
examination  arthritis  is  recognisable  by  the  ill-defined  out- 
lines of  the  joint,  varying  with  the  nature  of  the  exudation, 
and  the  congestion  of  the  synovial  membrane. 

There  is  also  an  alteration  in  the  appearance  of  the  line  of 
separation  between  the  articular  ends  of  the  bones.  In  later 
stages  the  disappearance  of  this  line  indicates  an  alteration 
of  the  cartilages,  which  may  be  entirely  destroyed.  What 
is  of  even  more  importance,  a  radiological  examination  will 
reveal  the  condition  of  the  ends  of  the  bone. 

EUctro-therapeuticS- — Arthriti.'i  is  frequently  benefited  by 
electric  treatment,  although  we  are  not  as  yet  able  to  lay 
down  a  general  rule  of  treatment.    The  arthritis  following 


■UG 


PAxi  III— cUAPTu  m 


biciiorrhagia  tuis  been  treated  with  success  by  high  fre- 
(juciicy  currents  (D^noy^s}  or  by  a  continuous  current  of 
40  to  60  mtlliampcrcfi  pivcn  twice  a  day,  commencing  with 
an  hour  and  gradually  diminishing  to   l$  minutes   (ZJW- 

In  certiin  cases  ol  acute  arthritis  Barditr  has  obtained 
Rood  rcsuhs  by  ionisation  with  saUs  of  Lithium.  A  posi- 
tive bath  was  used  containing  3  per  cent  of  Chloride  of 
Lithium,  rendered  alkaline  with  t  in  2000  of  Litliia.  In  sub- 
acute fonns  it  acts  by  transforming  the  insoluble  urate  of 
soda  into  the  more  soluble  urate  of  hthium,  one  part  of  the 
former  being  sohiblc  in  19,000  parts  of  water,  while  tlw 
latter  is  dissolved  by  1 16  parts. 

According  to  the  opinion  of  Aposloli,  Berlios,  Laquernire 
and  Dittoyis,  high  frequency  currents  should  not  be  used  in 
the  acute  artliritis  of  rheumatism  during  the  febrile  stage. 

Prof.  Bouchard  made  observations  on  the  injection  of 
salicylate  of  »oda  into  the  regions  aScctcd  by  rlicumatism. 
This  suggested  to  BergoniS  aiid  Roqucs  ihc  idea  of  treating 
this  disease  by  electric  ionisation,  causing  the  salicylic  ion  to 
penetrate  the  diseased  joints.  I  have  had  occasion  to  use 
this  treauiient  on  several  occasions  with  the  happiest  results. 

The  proper  way  to  practise  ionisation  is  to  immerse  the 
extremity  in  a  warm  bath  containing  the  clectrol>te.  This 
is  joined  to  the  positive  pole  if  we  desire  to  give  the  dcKcnd- 
ing  ions  of  lithium,  or  to  the  negative  pole  if  we  wish  to 
cause  the  ascending  ions  of  acids  or  salicin  to  penetrate  the 
tismes.  W^im  one  of  the  larger  joints,  such  as  the  knee 
or  shoulder,  is  to  be  treated,  it  should  be  previously  washed 
with  soap  and  alcohol.  It  sliould  then  be  covered  with  a 
large  electrode  lined  with  cotton  wool  well  soaked  in  the 
solution,  and  kr))t  in  good  contact  with  the  skin. 

The  strength  of  current  employed  will  vary  according  to 
the  t<^erancc  of  tlic  patient,  and  also  acording  to  the  ion  it  is 
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desired  to  use.  Densities  of  .2  up  to  .7  or  even  t  milliam- 
perc  per  square  centimetre  are  usually  well  supported,  $0 
B  that  with  an  electrode  of  200  sq.  cm.  we  can  easily  pass  40 
"  to  130  milliampcrcs  into  the  affected  region.  The  duration 
of  the  seance  will  vary  from  15  to  45  minuter,  or  an  hour, 
according  to  the  intensity  of  the  cuireiit  (247  and  267) .  The 
seances  may  be  repeated  every  otlicr  day. 

441.  Ankylosis. — Ankylosis,  which  frequently  occurs 
after  arthritis  or  after  surgical  immobilisation,  is  greatly 
ameliorated  by  the  continuous  current.  Some  of  the  resiilts 
arc  most  surprising.  ll'alUr  Givycr,  of  New  York,  and 
Lfduc,  of  Xantcs,  have  published  successful  cases.  On  cilher 
side  of  the  affected  joint  large  electrodes  are  applied,  soaked 
in  a  solution  of  NH,C1.  A  current  of  20  to  150  milliam- 
peres  is  passed  for  10  to  30  minutes.  The  negative  pole 
shouki  be  placed  as  near  as  possible  to  the  part  to  be 
treated. 

A  radiological  examination  should  be  previously  made,  in 
'order  to  judge  of  the  sutc  of  the  articular  surfaces. 

Radiotherapy  may  perhaps  in  the  future  render  good 
service  in  these  cases,  but  as  yet  it  is  too  early  to  be  able 
to  speak  with  certainty. 

442.  Chronic  tendinous  synovitis, — Negative  galvan- 
isation is  very  efficacious  in  this  affection  (Bordier).  The 
active  cathode  should  he  applietl  over  the  affected  rc^on 
with  a  current  giving  a  density  of  .5  to  .7  mitlianipcrcs  per 
«q.  em. 

443.  Hydarthrosis. — In  this  disease  the  same  treat- 
ment may  be  given.  A  large  negative  electrode  sliould  be 
applied  over  the  affected  joint.  By  this  means  the  reabsorp- 
tion  of  liquid  is  increased.  Where  galvanisation  fails  we 
may  have  recourse  to  the  direct  application  of  high  fre- 
quency currents.  The  joint  sliould  be  covered  by  a  slieet  of 
tin,  which  is  applied  directly  to  the  skin.    This  is  connected 
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to  one  extrenuty  of  the  helix  of  sch'-mducUon.    The  other 
electrode,  attached  lo  the  other  extremity  of  the  heUx, 
applied  to  an>'  convenient  part  of  the  body.    Seance  eve 
other  day ;  duration,  lo  nunutes. 

444.  Loose  bodies  in  the  joints. — Radio^iagnoiii. — I 
shall  only  allude  to  this  subject  in  order  to  guard  the  readerj 
against  two  principal  errors.    In  the  first  place  wc  may  fi 
to  recognise  the  presence  of  a  movable  body,  even  when  par- 
tially ossified,  unless  we  take  care  to  get  its  shadow  clear  ofi« 
the  neighbouring  bones  of  the  joint.  fl 

The  second  error  we  are  likely  to  fall  into  is  to  diagnose 
a  morablc  body,  when  there  is  only  some  bony  concretion, 
or  a  sesamoid  bone  developed  in  the  tendons  or  ligamenbof 
the  joint. 

445.  Disturbances  of  nutrition  of  the  bonea — ^Tt 
— Malformations — Heberden's  nodes. — Tht-  X-rays 
thrown  new  light  ou  a  number  of  diseases  to  which  wc  ca 
only  just  allude.   These  itKiadf  Pagers  disease,  acromegalyj 
rickets,  cretinism,  myxcedcma.  osteomalacia,  osseous  Iti-'^ 
mours.  the  nodes  of  Bouchard,  Heberdcn's  nodes,  the  neuro- 
tic arthritis  of  tabes  and  of  syringtimyelia.    iMnally  we  may 
allude  to  the  gouty  infiltrations  of  the  epiphyses,  which  are 
more  transparent  than  Qormal  bone  on  account  of  the  greater 
permeability  of  urate  of  soda  to  the  X-rays. 

This  enumeration,  though  necessarily  incomplete,  shows 
how  vast  is  the  field  of  exploration  for  the  use  of  X-rays  in 
diseases  of  the  osseous  and  articular  systems. 

446.  Scoliosis — Rickets.— .Scoliosis  is  usually  the 
suit  of  rachitic  disease  of  the  bones,  sucli  as  genu  valgum,] 
flat  foot,  or  rachitic  cur\'aturc  of  Ihe  bones  of  ihc  leg,    Ac-' 
cording  to  Kirmisson.  habitual  scoliosis,  i.e.,  scoliosis  due  to 
vicious  habits  at  the  time  of  adolescence,  which  we  are  some- 
times called  on  to  treat  in  young  girls,  is  also  a  result  ol 
rachitis.  W'hate\-cr  part  tlic  mal-developtnent  of  thi 
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system  may  play  in  Uic  genesis  of  scoliosj»  tliere  is  no  doubt 
that  the  miiscuhr  system  also  plays  a  most  ijnportant  part, 
and  that  most  cases  would  be  benefited  if  vie  could  restore 
to  the  antagonising  muscles  their  normal  force  and  tonicity. 

Ehctro'diagnosis  and  Radio-diagnosis.  Tlic  rdic  the  mus- 
cular system  plays  in  tlie  onhopxdic  affections  is  a  most  im- 
portant one.  It  is  always  advisable  to  test  the  muscles  elec- 
trically before  commencing:  treatment.  Bergotiie  advises  the 
practitioner  in  every  case  of  scoliosis  to  test  the  muscles  of 
the  back,  the  neck  and  the  thorax.  If  the  fanidic  excitability 
is  completely  lost  there  will  be  little  chance  of  successful 
.treatment. 

An  examination  by  means  of  the  X-rays  Is  also  of  im- 
portance. The  dorsal  deciil)itus  should  be  diosen,  since  the 
symptoms  of  scoliosis  arc  much  more  marked  when  the  mus- 
cles arc  relaxed.  It  may  be  necessary  to  interpose  a  cushion 
of  cotton  wool  between  the  concavity  of  the  back  and  the 
supporting  couch  to  insure  immobility. 

By  means  of  rsdiograpby  we  can  examine  the  condition  of 
the  bones,  the  ankylosis  of  the  vertebra:,  the  exisiertce  of 
osseous  neo-formation,  or  any  deviation  or  torsion  of  the 
spine.  The  latter  condition  nay  be  recognised  by  the  devia- 
tion of  the  spines  of  the  vertcbnc  to  the  right  or  left  of  the 
axis  of  tlw  spinal  column.  It  is  advisable  also,  in  all  cases 
of  scoliosis,  to  examine  the  whole  of  the  osseous  system.  In 
a  rachitic  subject  the  long  bones  arc  usually  more  slender 

*tban  usual,  whereas  the  extremities  arc  enlarged. 
I  Electro-therapeutics.—BergOHii  has  formulated  the  pre- 
cise technique  in  the  treatment  of  scoliosis.  He  uses  a  strong 
faradic  current,  with  rhythmic  interruptions.  He  employs 
a  Lirge  tin  electrode  of  lOO  sq.  cm.,  covered  with  several- 
layers  of  absorbent  cotton  wool.  The  exact  point  of  appli* 
cation  is  of  considerable  importance,  licrgonif  compares 
^^ic  vertebral  colutnn  to  a  bow.    If  we  stimulate  the  muscles 
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on  the  concave  side,  we  bend  the  bow,  and  increase  the  cur- 
vature still  more.  The  convex  5i<le  slioutd.  therefore,  be 
Ireatet)  by  stitnulation  of  the  whole  mass  of  tlic  muscles  in 
the  vertebral  groove.  The  electrodes  may  be  moved  from 
place  to  placv  tilt  the  best  effect  is  produced,  without  talcinj; 
nuich  notice  of  the  motor  points.  They  should  be  placed 
at  right  angles  to  the  spine,  one  above  and  the  other  below 
the  convexity. 

The  seances  may  be  of  considerable  duration,  since  with 
the  rhythmic  interruptions  the  muscles  are  not  easily  b- 
tigiicd.  By  placing  the  patient  in  a  comfortable  position  and 
fixing  the  electrodes  by  means  of  india-rubber  bands,  the 
treatment  may  be  continued  for  an  hour  without  fatigue,  but 
every  care  should  be  taken  to  prevent  the  patient  being 
,frighteiie4  by  tlie  treatment.  A  seance  may  be  given  every 
other  day,  every  day  or  twice  a  day,  according  to  circum- 
stances. 

In  cases  of  osteitis  or  arthritis  faradisation  is  contra-in- 
dicated. 

The  hydro-electric  bath  with  sinusoidal  current  has  proved 
useful  in  the  general  treatment  of  rickets.  Three  baths  may 
be  given  per  week,  each  of  20  minutes'  duration.  Intensity, 
20  miltiamperes  (Saxrctti,  Gauticr  and  Laral.  Springtr). 

(lalvanisalion  of  the  sjiinc  has  also  been  rccoimnended  by 
some  authors  (A.  tVeiU). 
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447.  Metritis. — ^Tlie  usual  division  into  chronic  and 
acute  metrilis,  although  somewhat  antiquated,  is  of  service 
here.  In  acute  metritis  electrical  treatment  is,  as  a  rule, 
contra-indicated,  whereas  it  is  useful  in  chronic  metritis. 

This  rule  is  subject  to  some  modification.    In  acute  metri- 
tis of  goiiococcic  or  slrcplococcic  origin,  electric  treatment 
can  do  nothing  but  harm.     There  is,  however,  no  dclinitc 
[.distinction  between  an  infectious  metritis  and  ordinary  uter- 
ine congestion,  which  is  too  often  regarded  as  of  purely 
microbic  orif;in.    Thus  some  authors  qualify  with  the  term 
^Qicutc  metritis  the  uterine  congwlion  due  to  atresia,  or  mal- 
formation, or  caused  by  exposure  to  cold  an<l  fatigue,  etc. 
In  like  manner  the  luemorriiages  of  the  menopause  are  often 
ttributcd  to  metritis,  although  infection  is  of  quite  secondary 
portance  in  these  cases,  and  even  the  worst  attacks  are 
accompanied  by  only  slight  rise  of  temperature,    llie  same 
ly  be  said  of  post-partum  hannorrhagic  metritis  due  to 
vohition  of  the  uterus.    In  all  these  cases,  where  tlwre 
BO  infectious  cause,  electrical  treatment  is  useful.     We 
iced  not  discuss  this  question  of  pscudo-metritis  further, 
since  the  dominating  symptom  necessitating  treatment  is  the 
lucmorrhage,  which  wc  shall  allude  to  later  on.    (449.) 

In  conclusion  we  may  say  that  electricity  is  contra-bldi- 
catcd  in  the  treatment  of  true  acute  infective  metritis  with 
febrile  reaction,  pain  and  peritoneal  complications.  On  the 
other  hand,  it  is  justified  in  cases  of  congestion,  pseudo- 
metritis  and  in  some  tnie  cases  of  metritis  of  a  congestive 
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nilher  ihan  an  infective  type,  where  hjcmorrhage  is  the  prin- 
cipal symptom. 

Chronic  metritis  cenerally  follows  an  acute  attade.  ll  be- 
gins as  eiKlometritts  of  the  mucous  membrane.  This  in- 
creases in  thickness  and  develops  granulations  and  vegeta- 
tions, which  may  be  vajcular,  as  in  haiiiorrhagic  endome- 
trili«,  or  peduncular  as  in  mucous  polypi.  On  the  other 
haixl.  the  mucous  membrane  may  become  eroded  or  ulcer- 
ated or  cystic,  or  the  disease  may  invade  the  parenchjTtia. 
producing  hypertrophy  of  tlie  interstitial  connective  tissue, 
as  in  chronic  livpertrophic  metritis. 

In  all  thcte  forms  of  metritis  electrical  treatment  is  in- 
dicated, whether  the  dominant  symptom  is  pain,  leucorrhoEs, 
dysmenorrhoca,  membranous  dysmenorrhcca,  or  haemor- 
rhage. 

There  is,  however,  one  condition  in  which  all  electrical 
treatment  is  contra-indicated,  and  that  is  a  diseased  state  of 
the  uterine  appentbges.  This  ma>'  not  be  readily  noticeable 
by  ordinary  clinical  examination,  but  electro-diagnoisis  wiO 
establish  it,  if  present,  with  certainty. 

EUclro-dia^nosis. — The  aim  of  electro-diagnosis  is  to  in- 
form lis  of  the  condition  of  the  uterine  appendages.  For 
this  purpose  an  indifferent  electrode  is  placed  on  the  abdt>- 
men  and  a  platinum  bystcrometer  is  introdtKcd  into  tlie 
uterus,  each  electrode  being  connected  to  one  pole  of  a  gal- 
vanic battery.  The  uterus  is  tested  by  passing  a  current  of 
50  milliamperes.  If  there  is  intolerance,  or  if  there  is  any 
infbmmatory  reaction  afterwards,  the  appendage*  may  be 
subjected.  If,  on  the  contrary,  the  current  can  be  increased 
to  100  or  150  milliamperes  without  severe  pain  or  reaction, 
the  uterine  appendages  may  be  considered  healdiy,  and  we 
may  proceed  to  treat  the  case  cJcctrically. 

If  intolerance  increase*!  at  each  seance,  it  is  probably  due 
to  some  lesion  of  the  appendages.    If,  on  the  contrary,  the 
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sli^t  amount  of  intolerance  at  the  conunencement  of  the. 
treatment  dJminislies,  t)te  caK  in  probably  one  of  hysteria,  or 
the  lesion  of  the  uterine  appendages  is  in  a  state  of  regres- 
sion {Apostoli). 

In  some  in«UDc«s,  when  there  is  o\'arian  pain  of  tmoer- 
tain  nature,  the  faradic  current  may  be  used  as  a  means  o£ 
diagnofiis.  \\''hen  Ihis  is  hysterical  it  will  usually  yidd 
rapidly  to  faradisation. 

Electro-therafeutics. — When  there  is  no  contra-indication 
electricity  is  usually  applied  in  the  form  of  intra-utcrine  gal- 
vanisation. 

This  may  be  done  in  two  ways: — 

t.  By  means  of  a  positive  electrode  consisting  of  a  hys- 
terometer  of  platinum  or  charcoal,  which  is  not  attacked  by 
the  chemical  pro<hicts  set  free  at  the  poles. 

2.  By  means  of  a  positive  soluble  electrode,  i.t.,  one  which 
is  attacked  by  the  current. 

In  both  cases  the  indifferent  cathode  consists  of  an  abdomi- 
nal plate  of  at  least  200  sq.  cm.  A  speculum  is  first  intro- 
duced, the  patient  being  placed  in  the  gynecological  posi- 
tion. The  neck  of  the  uterus  is  then  cleaned  with  a  pledget 
of  cotton  wool  moistened  with  sterilijied  water.  This  mode 
of  producing  asepsis  is  more  efficacious  than  the  use  of  the 
douche,  since  the  sound  only  touches  the  lips  of  the  os  uteri, 
and  the  only  precaution  necessary  is  to  avoid  tlie  introduc- 
tion into  the  uterine  cavity  of  the  microorganisms  of  the 
agina  and  vulva. 

Uncorrodible    Electrodes. — Apostolts    carbon     electrode 

is  more  difficult  to  introduce  than  the  platinum  sound.    The 

carbon  electrode  should  be  p«s»ed  into  the  uterus  with  a 

screwing  motion,  until  the  fundus  of  tlie  uterus  is  readied. 

_^It  comes  into  dose  contact  with  the  whole  of  the  interior 

Hcurface  of  the  organ.    Bergonie  has  constructed  an  electrode 

Bof  platinum,  formed  of  two  spoon-shaped  branches  will) 


thdr  conTcxitics  outward.  These  can  be  separated  and 
ap[>lied  exa«ly  to  tlw  opposite  surfaces  of  tlie  endoinetriuin. 
If  the  platinum  sound  is  used  it  should  be  turned  in  evenr 
direction  so  as  to  conw  into  contact  with  every  portion  of  djB 
walls  of  the  cavity.  ^ 

The  intensity  of  the  current  is  gradually  raised  from  o  up 
lo  so.  loo,  or  even  150  milliampcrcs.  The  current  is  then 
maintained  at  its  maximum  for  8  minutes,  i,e.,  two  minutei. 
in  each  position  of  tlic  platinum  hysterometer.  In  my  oH 
practice  I  do  not  usually  exceed  80  miUiainperes.  Zimmmt 
advises  the  operator  not  to  exceed  50  or  80  milliampero. 
especially  in  hemorrhagic  metritis.  He  considers  that  the 
object  to  be  kept  in  view  is  not  so  much  the  destruction  of 
the  mucous  membrane  as  tlte  slimulalioii  of  the  uterine  mus- 
cle and  (he  production  of  coagulation  by  tlie  polar  products 
of  decomposition.  Some  authorities  are  of  the  opinion  that 
the  good  results  of  curetting  are  due  not  so  much  to  the 
removal  of  the  mucous  membrane,  as  to  the  stimulation  of 
the  submucous  tissue. 

According  to  Delbft,  one  of  the  disadvantages  of  eiectricai 
curettage  is  the  diflfictilty  of  limiting  the  destructive  action. 
There  is  nothing  to  indicate  when  the  mucous  membrane  b 
sufficiently  destroyed,  or  at  what  moment  the  cauterisation 
will  extend  to  the  muscular  tissue.  There  is  thus  some  dan- 
ger of  acting  too  deeply,  and  of  substituting  a  cicatricial 
tissue  for  the  mucous  membrane.  On  the  other  hand,  if  we 
do  not  carry  the  cauterisation  deep  cnougli  the  metritis  will 
recur.  Although  the  destructive  aclioit  of  the  mucous  mem- 
brane ptays  a  certain  role  in  the  treatment  of  metritis,  there 
are  other  actions,  and  notably  the  excitation  of  the  uterine 
muscular  tissue,  which  is  very  sensitive  to  the  conthiuous 
current.  At  all  events  we  have  the  testimony  of  experience 
to  the  efficacy  of  dcctric  treatment.  It  is  better  not  to  ex- 
ceed 80  milliamperes  in  any  case  of  metritis,  whether  hamor- 
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'  rliagic  or  not,  except  in  obstinate  cases  which  have  prcvious3y 
resisted  treatment.  We  must  also  take  into  account  the  ex- 
tent  of  the  surface  of  the  eIectro<le.  With  a  large  carbon 
electrode  we  may  safely  give  a  larger  current  than  with  a 
platinum  sound. 
2.  SolubU  cUctrodci. — Electrodes  which  are  to  be  acted 

ton  by  the  galvanic  current  are  usually  made  of  copper  {Gau- 
ticr.  Cleaves,  GoeUt)  or  silver  (BoisseaM,du  Rocher, 
Slouffs),  while  LcuiUeux  recommends  cadmium,  Popyalk- 
owski  zinc,  and  Dcbidat  aUiminium.  When  a  soluble  elec- 
trode is  connected  to  the  positive  pole,  and  is  brought  into 
contact  with  the  NaG  of  the  organic  liquid,  an  oxychloridc 

—^  of  copper  or  other  metal  is  foimcd  and  deposited  in  the  in- 

Ktcrstices  of  the  tissue.    Intensity,  40  milliampcrcs ;  duration. 

H15  to  ao  minutes.    The  electrode  should  be  slightly  moved 

Bfrom  time  to  time,  so  as  to  prc\'cnt  its  adhering  to  the  wall* 

y  of  the  uterus. 

This  method  is  nMre  suitable  for  metritis  caused  by  blen- 

—^orrhagia. 

^f  After  the  seance  a  pad  of  gauze  soaked  in  salol  glycerine 
should  be  applied  to  the  neck  of  the  uterus,  Tlie  patient 
should  be  kept  in  an  horizontal  pasiiion  for  an  hour  or  two 
and  should  be  kept  at  rest  during  the  remainder  of  the  day. 
One  or  two  seances  may  be  given  each  week.  A  sero- 
sanguinolent  discharge  which  gradually  becomes  serous  fol- 
lows each  seance.  On  the  following  day  the  pad  may  be 
removed  and  an  antiseptic  injection  given. 

I  When  the  painful  symptoms  predominate  in  a  case  of  me- 
tritis we  should  begin  by  faradisation  of  the  uterus. 
For  this  purpose  AposioWs  bipolar  electrode  should  be 
used.  This  consists  of  a  hysterometcr  made  of  insulatii^ 
material.  At  the  extremity  is  a  metallic  ring  which  is  joined 
to  one  terminal  of  the  handle,  while  a  second  ring  at  some 
,  little  distance  from  the  first  is  connected  to  the  other  ter- 
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minal.  Wlien  these  are  put  in  communication  with  Uie  sec* 
oiidary  coil  die  lines  of  electric  force  arc  condcoscd  around 
the  mucous  membrane  in  the  neighbourhood  of  the  ring. 

Id  metritis  dm-  to  atresia  of  tlie  neck  and  womb,  or  to 
malformation,  the  cause  of  the  malformation  must  be  sought 
out  and  treated. 

448.  Uterine  Fibroma. — A  fibroma  or  fibromyoma 
nay  be  situated  in  the  uterine  wall,  the  so-called  interstitial 
fibroma,  or  it  may  be  sub-peritoneal,  cither  projecting  from 
the  peritoneal  surface,  or  pcdiculated.  Or  it  may  project  be- 
neath the  mucous  membrane,  forming  a  sub-nmcous  fibro- 
ma, or  a  fibrous  polypus. 

Interstitial  and  sub-mucous  fibroma  are  frequently  the 
cause  of  symptomatic  metritis  or  hxmorrliage. 

In  (lia^iosing  a  fibroma  we  must  guard  against  several 
sources  of  error.  The  patient  maj'  be  enceinte,  without  her 
knowledge.  There  may  be  an  ovarian  cyst,  or  a  uterine  cyst, 
or  a  cancerous  tumour.  In  the  former  case  treatment  by 
electricity  is  an  unpardonable  error,  even  more  so  in  the 
case  of  the  medical  electrician  than  in  that  of  the  surgeon. 
In  the  second  case,  electrical  treatment  would  be  useless,  and 
in  the  case  of  cancer  it  would  be  injurious. 

If  the  existence  of  a  uterine  fibroma  is  diagnosed  we 
should  proceed  to  an  examination  of  lite  condition  of  the 
uterine  appendages.  .\ny  affection  of  these  will  conlra- 
indtcate  the  electrical  treatment  of  the  fibroma. 

Eleclro-lhcriipvulics. — In  the  treatment  of  fibroma  there 
are  three  principal  objects: — 

1.  To  combat  the  harmonhagc  by  means  of  positive  gal- 
vanisation. 

2.  To  control  pain  by  means  of  the  faradic  current,  or  by 
positive  galvanisation, 

3.  To  oppose  the  evolution  of  the  tumour  Itself,  by  posi- 
tive galvanisation  if  there  is  tendency  to  hsemorrhagc,  or 
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JVC  galvanisation  if  the  tumour  is  of  cunsidcrable  size. 

Utero-abdominal  or  ulero-tacrat  gaiiiinisation.—'Hie  ga!- 
aoieatioR  shouM  be  carriei]  out  in  the  manner  described  un- 
metritis.  A  platinum  sound  sliould  be  used  ratlicr  than 
a  carbon  electrode,  which  is  more  difficult  to  introduce.  The 
principal  advantage  of  the  latter  consists  in  tlic  extent  of 
its  contact  with  the  mucous  membrane.  Except  where  there 
is  much  displacement,  there  is  no  objection  to  the  use  of  the 
speculum.  In  this  way  the  cleai»ing  of  tlic  uterine  nccic  can 
more  tlioroughly  performed,  and  the  sound  can  be  more 
ily  introduced.    The  rincs  may  render  tlic  introduction  of 

le  sound  more  difficult.  If  the  canal  is.  very  much  bent  by 
pressure  of  the  tumour  it  may  be  neccKHary  to  bend  the 
sound  to  a  corresponding  curve.  It  is  only  in  the  course  of 
the  first  examination  that  wc  are  likely  to  meet  with  any 
difficulty  in  this  respect. 

The  indi^crent  e1ectro<le  is  placed  on  the  abdomen  or  on 
the  sacral  region,  according  as  the  fibroma  is  in  the  anterior 
or  posterior  part  of  the  uterus. 

Tlie  active  pole  should  be  positive,  except  when  tlie  tu- 
mour is  of  considerable  size,  and  there  is  no  pain  or  h,-emor- 
rhage,  in  which  case  the  n^^tive  electrode  may  be  used  in 
order  to  reduce  the  siie  more  rapidly. 

In  hartnorrhagie  cases  tlie  intensity  should  be  from  40  to 
80  milliamperes.  If  there  is  no  lucmorrhage  tlic  current  may 
be  increased  to  100  or  150  milliamperes;  some  authorities 
go  as  far  as  200  to  300  milliamperes.  Duration,  5  or  6  min- 
utes; seances,  cverj"  2,  4  or  7  days,  accordii^  to  the  reac- 
tion.   In  h*morrhagic  cases,  e\-cry  day. 

These  doses  must  be  varied  according  to  circumstances, 
some  patients  being  only  able  to  bear  40  milliamperes,  even 
although  there  may  be  no  afTcclion  of  tlic  uterine  appen- 
dages.   In  this  case  the  treatment  will  be  more  prolonged. 

When  using  an  intense  positive  current  the  sound  may  be 
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found  to  adhere  to  the  wall  of  the  uterus.  If  this  occurs  th? 
current  should  he  slowly  hroiiglii  back  to  zero,  and  then  re- 
versed so  as  to  allow  a  current  of  lo  milliampcrcs  to  pass  in 
an  inverse  direction,  Tltc  negative  pole  will  soften  the  sur- 
face of  the  adherein  slough  and  the  sound  will  be  easily  dis- 
engaged. Duruig  the  monthly  period  the  treatment  should 
be  intermitted,  but  it  may  be  recommenced  on  the  4th  day 
if  there  is  not  much  menorrhagia. 

As  we  have  already  said,  n^iative  galvanisati^m  should  t>e 
employed  in  the  treatment  of  fibrontata  of  considerable  siic. 
The  current  sbonbl  not  exceed  150  miUiampcres.  in  conse- 
quence of  the  tcn<lency  of  the  negative  pole  to  provoke  hann- 
orrbage. 

VaginO'dbdominal  gah>anisation. — If  there  is  a  great  de- 
formity of  the  canal  of  the  neck  of  the  uterus  it  may  be  im- 
possible to  introduce  a  sound  into  the  uterus.  In  that  case 
it  is  belter  nut  to  employ  intTa-ccn>-tcal  galvanisation,  but  to 
place  a  positive  pad  in  the  posterior  cul-de-sac  and  an  indif- 
ferent nCRativc  plate  on  the  abdomen. 

M.  A.  CleoTvs  uses  a  novel  method  of  x-agino-galvanisa- 
tion.  By  means  of  a  siKcial  cunula  the  vagina  is  kept  full 
of  water,  and  the  galvanic  pole  is  connected  to  tliis  fluid 
electrode. 

In  cases  of  hypcra^sthesia  or  slight  implication  of  the  uter- 
ine appendages  we  must  have  recourse  to  va^no-abdominal 
galvanisation. 

Faradisation. — Faradisation  sho\ild  be  especially  employed 
in  cases  of  painful  fibroma.  We  may  use  either  intra-uler- 
inc  faradisation  with  the  bipolar  electrode,  or  the  utero-ab- 
dotninal,  utero-sacral,  or  vagino-abdominal  methods. 

Co»lra-bulicaltont. — Electrical  treatment  is  contra-indi- 
cated if  there  is  any  inflammation  of  tlie  appendages,  or  any 
acute  affection  of  the  neighbouring;  organs,  such  as  nephritis. 
Haemophilia  is  another  very  unfavourable  complication,  and 
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so  is  hysteria.  Any  suspicion  of  cancer  will  alua  act  aa  a 
contra-tnclicatioo.  Sub-pcfitcnenl  fibromata,  if  [lediculatcd, 
should  not  be  treated  unless  for  painful  complications,  in 
which  case  galvanisation  should  be  preferred.  Fibrous  polypi 
should  not  be  treated  electrically. 

449.  Uterine  Hjcmon-hagc, — Uterine  hsemorrhaRe  is 
conunon  to  a  number  of  uterine  affections.  It  is  particularly 
prevalent  in  ca*es  of  fibroma  and  metritis.  L'ndcr  the  in- 
fluence of  the  niicrobic  theories  it  Iia.*  been  usual  lo  awign 
metritis  as  the  cause  of  all  hiemorrhages  which  arc  not  due 
to  tumour  or  trauma. 

At  the  present  lime  this  is  no  longer  permissible.  We 
shall  make  a  more  deUJIed  study  of  the  causes  of  uterine 
haanorrhage,  since  it  is  for  lijcmorrhage  that  ihc  majority 
of  uterine  cases  come  under  the  notice  of  the  medical  elec- 
trician. 

The  following  are  the  principal  causes  according  to  the 
classiftcatioft  of  /iimmcrn,  us  set  forth  in  Iiis  llie^is  pub- 
lished in  E^aris  in  1901. 

NoH-Uterint  Causes. — Affections  of  the  circulation,  mitral 
lesions ;  hepatic  disease :  lesions  of  the  kidney :  general  infec^ 
tions,  sudt  as  influenza,  paludism  or  tuberculosis.  I..astly, 
there  arc  affections  of  the  general  health,  such  as  chlorosis 
or  neurasthenia. 

Congestion  of  ihe  Uterus  tviHioul  melrilis, — These  include 
the  pscudo-mctritis  of  virgins  and  of  Die  menopause,  and 
the  pseudo-metritis  caused  by  uterine  dcvnation  or  malfor- 
nution.  To  this  group  also  belong  the  po«t-partum  lixmor- 
rhagcs  due  to  arrest  of  involution,  mthout  septic  infection. 
H  Cancerous  tumours. — ^These  often  set  up  subacute  me- 

H  tritis.  The  premonitory  harmorrhages,  due  to  metritis,  arc 
H  soon  followed  by  the  typical  lixttMrrhage  of  cancer,  with 
H     KfOUS  or  sero-sanguinolent  discharge.     This,  in  its  turn. 
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gives  place  in  ihe  later  stages  to  the  hamorrhafrcs  of  ulcera- 
tion. 

Other  causes  of  uterine  hemorrhage  are  tbc  fibromata 
and  the  varieties  of  true  metritis  already  detcribed,  and  the 
affections  and  inflamiiiation.i  of  the  uterine  appendages, 
which  latter  more  often  cause  nienorrhagia. 

Biectro-diagHosis. — When  a  case  conws  to  us  with  haemor- 
rhage, we  must  first  discover  tlic  cause.  WTierc  we  arc  in 
doubt  whether  the  uterine  appendages  are  involved,  an 
electro-diagnosis  should  be  made  as  described  in  par.  447. 
When  there  is  no  contra-indication,  we  may  proceed  to 
consider  tlie  propriety  uf  electrical  treatment. 

It  will  be  well  here  to  offer  some  advice  which  students  in 
electrothcrapj'  should  always  bear  in  mind. 

When  a  young  female  patient  is  brought  to  us  complain* 
ing  of  a  loss  of  blood  from  the  vagina,  it  is  eitlier  due  to 
traumatism,  which  is  rare,  or  it  is  a  case  of  precocious  mens- 
truation. We  should,  therefore,  avoid  alike  all  gyneacologi- 
cal  examination  and  electro-therapeutic  treatment. 

It  should  be  remembered  that  mcnorrhagia  is  often  the 
first  sign  of  a  mitral  lesion.  There  may  be  some  general 
cause,  such  as  chlorosis,  or  some  accidental  congestion. 
We  should  be  loth  to  make  an  examination  in  sucli  a  case, 
since  with  a  little  general  treatment  the  patient  will  often 
get  well  in  the  course  of  a  few  months. 

We  should  bear  in  mind  the  possibility  of  gonococcic  in- 
fection even  in  the  vii^n,  the  causes  of  infection  being  of 
the  most  varied  de^icription.  A  definite  diagnosis  shoidd  be 
made,  since  treatment  is  most  efficacious  in  the  early  stages 
of  this  disease. 

When  the  patient  is  a  young  woman,  we  must  tliink  of 
the  possibility  of  an  abortion,  which  may  have  been  over* 
looked,  or  may  be  concealed.  If  there  is  retention  of  the 
membranes,  the  trouble  wilt  only  be  increased  by  electrical 
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'  treatment,  and  iui^cal  inten'cntion  by  curetting  is  required. 
It  is  most  iniporunt  to  avoid   interference  in  the  case 

H.of  a  gravid  uterus.  Where  the  menses  are  persistent  it  is 
easy  to  o\-erlook  the  possibility  of  the  [lalicni  being  enceinte, 
Id  doubtful  cases  an  expectant  treatment  will  do  no  hamt. 

V  It  is  still  more  necessary  to  recommend  prudence  when 
the  patient  returns  for  a  continuaiKe  of  the  treatment,  after 
an  interval  of  three  to  six  montlis 

H  At  the  approach  of  the  menopause,  we  must  not  be  de- 
ceived bj'  a  belated  conception  or  llic  commencement  of  a 
cancerous  growth.     Either  event  would,  of  course,  be  a 

Hcontra-indieation  for  treatment. 

Zimmcni  points  out  another  possible  error,  of  treatment 
rather  th^n  of  diagnosis.  In  cases  of  menorrhagia  and 
metrorrhagia  of  a  more  or  less  benignant,  or  neuraslhenic 
type,  one  is  very  liable  to  treat  the  general  healtli  and 
neglect  the  particular  5)-mptoins.  If  such  a  case  were  sub- 
mitted to  static  treatment,  the  Iwmorrhage  would  be  fatally 
augmented.  Static  clectr-city  ami  high  frequency  currents 
have  a  special  action  on  catamenial  congestion. 

B    Elcctro-therapculict. — Electric   treatment   is   contra-indt- 

^catcd  in  the  follon'ing  cases: 

I.  In  the  hsemorrhagcs  of  the  menopause  with  cardiac 

Ipr  hepatic  complications,  or  where  there  is  great  obesity  or 
pletliora.    In  such  cases  the  hanmrrhagcs  are  salutary, 
a.  In  post-partum  hemorrhages  when  there  is  retention 
of  the  membranes. 
3-  In  acute  metritis. 
4.  In  cancerous  affections  of  the  uterus. 

5.  In  inflammatory  conditions  of  the  uterine  appendages. 

6.  It  is  inferior  to  curetting  in  old  cases  of  fungous  or 
polypoid  endometritis.  Tlic  presence  of  a  polypus  may  of 
itself  be  regarded  as  a  contra-indication. 

Galvanitation  is  indicated  in  the  following  cases : 
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[.  In  hamorrhaRic  metritis,  ha^nng  regard  to  tbe  con- 
ditions already  mentioned  in  par,  447. 
a.  In  hxmorrtiagic  fibromata.    (Se«  par.  44S.)' 

3.  In  post-partuiii  harmorrhagc  due  to  subinvolution  of 
the  utcru*,  not  due  to  sqjtic  metritis,  or  retention.  Faradisa- 
tion may  also  be  employed  in  these  cases.  We  shall  return 
to  thcra  later  on. 

4.  In  congeMive  haemorrhages  due  to  local  cause*.  These 
may  also  be  treated  by  faradisation. 

Faradisation  of  the  uterus  is  indicated  whenever  we  de- 
sire to  stimulate  the  coiilractioiis  of  the  uterine  muscle  or  to 
increase  its  tone. 

It  is  most  useful  in  tlic  following  cases: 

r.  Post-partum  hsemorrliage  due  to  sulnnvolution. 

3.  Hicmorrhagc  from  congestion,  occurring  in  the  virgin. 

3.  Hxmorrliage  of  the  menopause  when  there  is  neither 
true  metritis  nor  tumour. 

4.  Hemorrhage  caused  by  pseudo-metritis  and  subacute 
metritis,  where  the  infective  action,  if  any  such  exists,  is 
only  secondary. 

The  electrical  treatment  of  haemorrhage,  then,  is  limited 
to  those  cases  where  there  is  neither  true  metritis  nor 
tumour,  tn  these  cases  we  may  act  on  the  uterine  muscle 
either  by  galvanic  or  faradic  current.  These  affections  are 
described  in  par.  447,  448.  450. 

Choice  of  Current  and  Technique. — Opinions  are  divided 
as  to  the  choice  of  the  galvanic  or  faradic  currents,  both 
of  which  increase  the  tone  of  the  uterine  muscle.  Tlic  two 
forms  may  with  advantage  be  combined.  In  the  first  five 
days  after  parturition,  when  it  is  desired  to  stimulate  physio- 
logical contraction,  Zimmern  prefers  the  faradic  current. 
On  the  other  hand,  tbe  galvanic  current  should  be  employed 
when  we  desire  to  treat  the  mucous  membrane  as  well  as 
the  muscles.  a-<  in  congestive  hicmorrhagc,  or  pseudo-metritis 
of  old  standing, 
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!-aradic  treatment  may  be  carried  out  in  several  \vays. ' 
thick  wire  coil  should  be  used,  with  jo  to  50  iatcrruptioru 
cr  minute.     The  electrodes  may  be  placed,  one  on  the 
Bupra-pubic  region,  and  ihe  other  over  the  sacnim.    Or  the 
Pcurrcnt  may  be  passed  from  the  pubis  or  sacrum  to  tlie  in- 
terior of  the  uterus,  by  means  of  a  soimd  passed  into  the 
Pivitj'.    TIk  current  may  also  be  passed  from  the  pubis  to 
ihe  posterior  cul  de  sac,  by  means  of  a  pad  in  the  vagina.  ' 
Or  finally  we  may  use  AposloU's  bi-polar  hysterometer. 

The  seances  should  be  short    (5  to  10  minutes)   and 
frequent,  every  day  or  every  other  day.     The  sinusoidal 
current  or  the  undulatory  current  may  be  used  instead  of 
the  faradic  current.     A  galvanic  current,  periodically  in- 
terrupted by  means  of  ibc  mctnanomc,  gives  e^iually  good 
results.    The  positive  gah-ano-faradic  current  may  also  be 
employed. 
^     The  jjflfcwtif  current  is  applied  by  means  of  a  carbon 
Belectrode  or  a  hysteromeler  of  platinutn,  coiinerted  to  the 
^kositive  pole,  an  indifferent  cathode  being  placed  on  the 
V^bdomcn  or  sacrum.     VVc  may  also  place  the  indifferent 
cathode  on  the  abdomen  and  a  positive  pad  in  the  posterior 
cul  dc  sac. 
^    The  use  of  soluble  electrodes  is  not  to  be  commended. 
BSince  the  active  .tgent  in  hxmosta^s  is  acid,  tlicre  would 
seem  to  be  no  advantage  in  using;  up  this  acid  in  the  pro- 
duction of  metallic  oxychloridcs.    They  are  usually  only  em- 
ployed in  the  hemorrhages  of  metritis  and  pseudo-metritis, 
when  Gautier.  CUairs  and  Boisteau  du  Rocher  have  seen 

■very  good  results  follow  their  use. 
I    We  will  proceed  to  give  the  indications  for  treatment  in 
each  case. 

For  coHgesiive  kamorrliages  occurring  in  unmarried 
■women,  we  commence  with  faradisation,  the  electrodes  being 
placed  on  the  lumbar  and  supra-pubic  regions.    From  three 
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to  seven  seances  may  be  given  per  week.  If  this  is  not  i 
cessftil,  hystero'abdoniinal  gAlvanLsation  nia>-  be  tried,  or 
vagino-abdominal  galvani^tion  with  t)ic  positive  pole  in 
the  posterior  cul  <le  sac.  Intensity.  30  to  80  milliampercs. — 
Duration,  10  lo  ij  minutes. — Intervals  of  two  to  five  days 
between  the  seances,  according  to  the  degree  of  reaction. — 
Each  seance  may  be  terminated  by  a  few  shocks  of  the 
variable  state,  or  by  a  short  application  of  the  faradic  cur- 
rent. 

In  h^norrhage  occurring  at  the  mniof^ust  the  same 
treatment  may  be  followed,  but  we  shou)<l  commence  with 
the  utero-abdominal  or  the  vagino-abdomina!  method. 

Post-parlum  hcrmorrhage  due  to  subinvolution  of  the 
uterus,  whether  it  is  complicated  by  pscudo-mctritis  or  not, 
is  rarely  cured  by  curetting,  whereas  it  speedily  yields  to 
electrical  treatment,  in  consequence  of  the  action  of  the  cur- 
rent on  the  uterine  muscle.  Faradisation  is  specially  indi- 
cated during  the  five  days  which  follow  deliver)-  {Ztmtnem). 
Tripier  went  so  far  as  to  use  sacro-pubtc  faradisation  syste- 
matically in  all  his  cases  of  accouchement.  By  this  means 
tie  was  able  to  hasten  the  process  of  invohition,  and  allow  his 
patients  to  get  up  on  the  sixth  day. 

When  tlic  post'parlum  hxmorrhage  occurs  after  the  firtt 
five  days,  the  continuous  current  should  be  preferred,  using 
a  positive  platinum  electrode  in  the  interior  of  the  uterus. 
Imcnsity,  30  to  40  miiliamperes. — Dtiration,  5  to  20  minutes. 
— .Seance*  with  intervals  of  two  to  four  days,  according  10 
reaction.  Tlie  rapidity  of  thr  results  is  remarkable,  all  symp- 
toms ceasing  after  a  few  seances. 

450.  Cancer  of  the  Uterus. — We"  may  refer  the  reader 
to  par.  55Q  for  the  treatment  of  cancer  in  general.  Ottdin 
has  designed  a  special  focus-tube  for  the  radiothcrapeutic 
treatment  of  cancer  of  the  neck  of  the  uterus.  It  is  con- 
structed with  a  double-walled  prolongation  containing  an  in- 
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lulating  liquid.  This  localising  tube,  'which  is  introduced 
into  the  vagina,  has  a  metal  shield  covering  ihe  whole 
mrface,  except  at  ihe  termination,  E.  W.  CalduvU  has  also 
designed  a  focus-lube  in  which  the  catliodc  stream  strikes 
the  wall  of  the  tube,  which  acts  as  an  anticaltiode  (Archives 
d't^llectri.  Med.,  1903,  p.  104).  Belofs  localiser  is  also  use- 
ful in  tliis  affection,  as  are  the  tubes  designed  hy  Boueha- 
court. 
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451.  Atresia  of  the  Uterine  canal. — The  titcrine  canal 
be  dilated  by  means  of  clcctrclysis,  the  technique  being 

similar  to  tliat  used  in  stricture  of  the  urethra.  An  indif- 
ferent electrode  is  placed  on  the  abdomen,  and  a  platinum 
hyrteromeler.  covered  nearly  up  to  its  extremity  by  an  in- 
Bulating  sleeve,  is  passed  into  (he  canal.  I  have  found^'rtt'- 
maittt's  olivary  electrode  useful  when  mounted  on  a  hys- 
terometer  well  insulatcd_up  to  the  olive. 

Intensity.  30  to  60  tnilliampere*;  duration,  5  to  10  min- 
utes.   Seances  repeated  once  a  week. 

452.  Uterine  Deviation  —  Uterine  Prolapse.  —  Since 

uterine  deviations  usually  re^iult  from  congeittion,  or  infec- 
tive metritis,  we  should  begin  by  treating  the  cause,  and 
then  proceed  to  treat  the  case  by  means  of  faradisation.  In 
eases  of  retroflexion  or  relroverfuon,  the  ptattnum  hystero- 
meler  may  be  introduced  into  the  uterus,  the  indifferent 
electrode  being  placed  on  the  abdomen.  In  cases  of  ante- 
version  or  anteflexion,  the  indifferent  electrode  should  be 
placed  On  the  sacrum.  In  these  cases  som;  authors  employ 
a  uterine  and  a  rectal  electrode.  Whatever  be  the  direc- 
tion of  the  deviation,  the  rule  is  to  faradisc  the  opposite  side. 
A  thick  wired  coil  should  be  u*ed,  with  very  slow  intermp- 
tions,  I  or  a  per  second,  the  negative  pole  being  placed  in 
the  uterus.  Duration,  5  to  10  minutes.  Seances  every  other 
day. 
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It  is  useful  to  supplement  the  treatment  by  systenutic 
massage.  | 

Opinions  are  divided  as  to  the  success  of  this  trcatmtnt. 
Tripier  considers  that  the  suspensor>'  ligaments  of  llie  utwus 
may  rewn-er  their  tone  under  tlic  action  of  the  current,  wiiile  ] 
Larat  believes  that   faradisation  acts  by  encouraging  Uic| 
peri-utcrine  exudations   and  diniinishiog  the  uterine 
gorgement 

Ttie  sinusoidal  current  may  ;-l$o  be  used  in  these  casein 
tile  galvanic  current  witl]  rhythmical  interruptions.    A  cur-l 
rent  of  15  to  30  milliampcrcs  will  produce  uterine  contrac- 
tions. 

Uterine  prolapse  may  be  treated  by  the  same  meant,  axA 
in  this  case  also  it  is  probable  that  the  result  is  due  to  ibc 
resolvent  action  of  the  current.  The  failure  of  electrical 
treatment  in  serious  cases  of  prolapse  appears  to  point  inlhi 
same  direction. 

453.  Uterine   subinvolution  without   haemorrfaa^^^ 
The  treatment  is  the  same  as  described  for  subinvoluiioQ 
with  h<emorr)iage.     The  utenis  may  be  faradiscd  or  gal- 
vanised aceordint;  to  the  rides  laid  down  in  par  449. 

454.  Disturbances  of  menstruation  is  young  girls.— ' 
Tlierc  are  a  number  of  affections  of  menstruation,  amenot- 
rhoca,  hypo-mcnorrboea,  hyper-menorrhcca.  and  dysnKao^ 
rhaa.    The  following  are  the  cases  we  are  most  freqtMntlr 
called  upon  to  treat: 

I,  Infatttile  utenis.  /finfttOrrheea  due  to  iusu/Hcu^nt  Jt- 
velo/>ment  of  the  uterus, — When  the  ovaries  arc  also  ar- 
rested in  their  development  the  infantile  uterus,  or 
Sufficiently  developed  uterus  will  cause  amcnorrhcca. 
however,  the  ovaries  are  normally  developed,  dysmcaorrl 
will  occur.  The  child-like  figure  of  die  patient  will  often 
assist  us  in  the  diagnosis.  If  vaginal  examination  is  per- 
mitted the  neck  of  the  uterus  will  be  found  long,  tliin  and 
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all.    This  infantile  uterus  is  a  frequent  cause  of  sterility. 
|l£lectricity   is  a   very  efficacious   means  of   treating   such 
eases. 

■     3.  Amenorrhaa  due  to  general  causes. — Both  anienor- 
rticea  and  hypcr-mcnorrlicca  arc  often  due  to  general  causes, 
chlorosis,  an;enii3.  tuberculosis,  obesity,  hysteria,  etc.   Elec- 
tricity may  be  used  locally  or  as  a  means  of  treating  tlie 
general  condition. 
H    3.  Menorrhagia  or  Hy^frmenorrhara. — ^The  exaggeration 
™of  the  menstrual  flux  or  the  loo  great   frequency  of  the 
periods,  is  often  associated  with  pscudo-metritis  or  congcs- 
Hrtion  from  various  causes.     For  their  treatment  tl«  reader 
■should  consult  par.  447. 

4,  Dysmenorrlura. — D>'smcrorrhQca    in    young    patients 

is  an  afTeclion  for  which  w-c  are  frequently  consulted,    [t  is 

characterised  by  pains  which  come  on  shortly  before  th« 

period,  witli  severe  colic  and  lumbo-abdomtnal  pains  irra- 

Bdiating  towards  the  thighs.     Tl>e  colic  itsually  disappears 

Hwith  the  advent  of  the  menstrual  flow.    In  membranous  dys- 

Btnenorrbcea  the  pains  persist  during  the  whole  time  of  the 

period,  and  arc  sometimes  followed  by  the  expulsion  of 

membranes  and  sanious  discliarges  almost  like  an  abortion. 

The  dysmcnorrhcta  may  be  due  to  an  affection  of  the 

uterine  appendages  or  of  tlw  uterus  itself.    We  have  already 

pointed  out  that  when  the  ovaries  are  normally  developed 

tire  infantile  uterus  may  be  a  cause  of  dysmcnorrhcea.  on 

account  of  the  cor^estion  of  the  appendages  which  are  dis- 

Proportioned  to  the  functional  state  of  the  uterus.    We  may 
I  addition  Iiave  some  pathological  conge-ition  of  the  uter- 
le  appendages,  or  tubo-ovarian  varicocele. 
Wc  shall  show  later  on  how  electricity  may  be  employed 
to  combat  congestion  of  the  pelvic  organs.    It  is  one  of  our 
Hmost  useful  agents  for  this  purpose. 
B    Dysmenoirhcea  of  uterine  origin  is  usually  doe  to  atresia 
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of  the  cervical  canal,  to  displacements  of  the  utenu,  to 
pseiido- metritis  or  to  congestion. 

Tlierc  are  also  varieties  of  dysmenorrhcea  without  appa- 
rent cause.  There  is  an  exaggeration  of  the  physiological 
plicnoiiiena,  and  of  the  precatamenial  pains.  This  may  be 
due  to  an  increased  nervous  susceptibilit)-  of  the  patient,  or 
perhaps  to  an  arthritic  diathesis.  In  some  of  these  cases 
spasm  of  tJic  neck  of  tlic  uterus  appears  to  play  an  important 
part. 

It  may  be  readily  understood  how  cautious  we  should  be 
u)  inten'cning  in  these  cases,  and  how  easily  we  may  be 
niisukcii  in  prescribing  electrical  treatment,  which  aas  like 
other  cmmcnagogiics  by  increasing  uterine  congestion. 

Bleclro-therapeutits. — I.  Amettorrhaa  Or  hypo-mtnorrhm 
due  to  the  infanlik  uterus  with  but  slight  evidence  of  ar- 
rested development,  may  be  treated  t>y  the  general  static 
bath,  which  produces  congestion  of  the  pelvic  oigans.  Du- 
ration, 20  minutes,  every  otiicr  day.  The  seance  may  be 
terminated  by  strong  sparking  of  the  ovarian  and  lumbar 
regions.  Wlien  the  patient  is  properly  cartlicd  the  sparks 
from  a  powerful  static  machine  are  well  home.  The  sparks 
from  the  high-fre<iuency  apparatus  arc  less  exciting  to  the 
nervous  system  and  equally  efficacious  as  a  local  stimulant 
and  nervine  ionic.  Tlie  treatment  should  be  continued  for  a 
month,  tlic  period  frequently  appearing  at  the  end  of  that 
time.  In  slight  cases  the  treatment  may  be  resumed,  giving 
three  seances  per  week  during  the  ensuing  month.  If  the 
uterus  is  altogether  infantile  in  type  we  sliould,  if  possible, 
begin  with  intra-uterine  faradisation,  using  a  platinum 
sound  connected  to  the  negative  pole,  and  an  indifFerent 
electrode  on  the  abdomen.  A  thick-wired  coil  should  be 
used.  With  patience  a  well-curved  sound  may  be  introduced 
into  the  neck  of  the  uterus,  without  destroying  the  hymen. 
Tlie  superiority  of  this  mode  of  treatment  over  sacro-ab- 
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dominal  faradisation  is  so  marked  that  it  should  be  always 
used  in  cases  of  well-marked  infantile  uterus.  Seance  every 
other  day  for  5  to  15  minutes, 

2.  Treatment  of  AmcMorrhaa  or  bypomenorrlura. — ^The 
course  of  treatment  is  the  same  as  the  preceding,  but  intra- 
uterine faradisation  is  not  necessary.  The  period  usually 
makes  its  appearance  after  a  month's  treatment.  The  gen- 
eral health  sliould  be  treated  at  the  same  time  by  suitable 
hygienic  measures.  Mechanotherapy  or  sismolhcrapy  are  of 
great  use  in  these  cases.  Younjj  girls,  whether  suffering 
from  chlorosis  or  obesity  as  a  re»iiU  of  bad  hygienic  condi- 
tions in  institutions  where  physical  culture  is  neglected,  are 
speedily  cured  in  the  course  of  a  few  months.  Whatever 
the  abdominal  state  of  nutrition,  exercise  and  improved 
hy^cnic  conditions  tend  to  bring  the  system  to  a  nor- 
mal condition,  fn  young  girls  who  arc  nervous  and  very 
sasceptibic  to  electrical  treatment,  one  may  employ  Bigetozv's 
method  of  general  galvanisation,  one  pole  being  applied  to 
the  nape  of  the  ncek  and  one  to  the  feet  by  means  of  a  salt 
foot  bath.  The  treatment  should  be  commenced  a  few  days 
before  the  presumed  date  of  appearance  of  the  menses,  and 
continued  until  the  period  occurs. 

3.  Hypennenorrhaa  or  MtHorrhagia.^-T\a3.  should  be 
treated  in  the  same  way  as  lixmorrhagc  from  congestion  in 
the  virgin,  par.  449. 

4.  Z>yx»«<Horrfc«'n.— Tlie  causes  of  dysmenorrhea  being 
so  varied,  the  treatment  is  also  very  complicated. 

If  there  is  any  suspicion  of  retardation  of  uterine  de?el- 
opmcnt  a  vaginal  examination  should  be  made,  if  possible, 
to  confirm  llie  diagnosis.  It  may  be  treated  as  already  de- 
scribed by  utero-abdominal  or  sacro-abdomiiial  faradisation. 

The  static  bath  or  sparks  from  a  static  machine  may  also 
be  employed  with  caution  when  there  i<  hyponienorrlitra  as 
well  as  dysmcnorrhcca.    A  seance  of  10  minutes  should  be 


given  every  day,  conunencing  immediately  after  the  ter- 
mination uf  (lie  preceding  peritxl.  IE  the  mciuirual  pain 
U  not  increased  after  tlic  first  month  of  treatntcnt,  the  time 
of  application  may  be  increased.  This  method  is  very  ef&- 
cacious  when  there  ia  retardation  of  uterine  development. 
On  the  other  hand,  tlie  tubo-ovarian  congestion  may  be  in- 
creased by  electrical  trcatmeni  out  of  all  proportion  to  the 
»tate  uf  the  uterus.  In  tliis  case  faradisation  only  should 
be  employed,  as  the  crises  of  dysmenorrhos  will  be  increased 
by  the  application  of  static  electricity.  It  is  in  this  condi- 
tion, when  the  congestive  phenomena  need  to  be  attenuated. 
that  ihe  hydro-electric  bath  with  sinusoidal  current  19  of  such 
service  {Larat).  The  bath  should  be  used  for  20  minutes. 
For  the  firit  15  minutes  the  electrodes  should  be  applied  to 
tlie  back  and  tlie  feet,  and  for  the  last  5  minutes  to  the  bade 
and  the  hj-pogastric  region. 

When  the  dysmenorrhoea  is  due  to  atresia  of  the  cervix 
'a  rapid  improvement  is  produced  by  negative  galvanisation 

(451). 

If  tliere  is  pseudo-metrilis,  or  congestion,  producing  devia- 
tion of  the  OT^n,  either  faradic  or  galvanic  treatment  is 
often  followed  by  good  results.  In  membranous  dysmenor- 
rhcea  the  uterus  may  be  galviiniscd.  Intensity,  60  to  ioo  mil* 
liampercs;  duration,  10  minutes  (447-452). 

Where  there  is  no  apparent  cause  for  the  dysmenorrhoea' 
we  may  try  in  succession  the  static  bath,  sparking,  the  fara- 
dic  and  ihc  sinusoidal  current,  each  method  being  contin* 
ued  for  a  montli. 

Static  electricity  and  the  faradic  current  hare  apparently 
opposite  effects.  When  there  is  insufficient  menstrual  flow 
static  electricity  should  be  used ;  when  there  is  an  excess 
the  faradic  current  should  be  preferred. 

455.  Disturbances  of  menstruation  in  adults. — Sexual 
activity  often  causes  the  disappearance  of  the  troublea  of 
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menslnialion  wliicli  atTect  young  girU.  On  the  oUi«r  liand, 
it  may  add  others  due  to  infective  metritis,  or  as  the  result 
oi  pregnancy  or  labour.  Most  of  tlicsc  complications  have 
been  discu»8cd  in  previous  pages. 

D>'snienorrhoea  due  to  stenosis  of  the  neck  and  uterus 
as  a  complication  of  delivery,  as  well  as  tears,  sloughs,  or 

f  cicatrices,  may  be  treated  by  negative  electrolysis  (451). 
Dysnienorrhcea  due  to  uterine  displacement,  niter  delivery 
may  be  treated  by  the  method  described  in  par.  452, 

Anienorrhcca  and  hypomenorrhcca  are  much  rarer  in  adult 

life.    We  may  be  called  on  to  treat  liyper- involution  of  the 

Kutcrinc  muscles  as  a  result  of  deliver}-.     The  treatment 

'  should  consist  in  the  local  appUcation  of  the  continuous  or 

faradie  current.    At  the  same  time  we  may  employ  tlie  static 

bath,  which  has  so  marked  a  congestive  action  on  the  pelvic 

organs. 

The  anienorrh<Ea  or  other  menstrual  disturbances  follow* 

King  marriage  arc  not  to  be  treated.  Certain  hygienic  rules 
may  be  laid  down,  and  the  pliysician  should  only  intervene 
if  the  symptoms  continue  for  some  months, 
456.  Neuralgia.  Pain  in  the  Pelvic  Organs. — For  the 
treatment  of  ovarian  neuralgia  tlic  reader  should  refer  to 
par.  399.  If  there  is  no  mcnorrhagia.  pelvic  neuralgia  may 
be  treated  by  the  static  bath  or  high-frequency  currents, 
using  the  condensing  couch  and  a  branch  current  directed 
on  the  painful  region.  These  neuralgias  may  also  be  treated 
by  the  galvanic  current,  or  with  faradie  currents  from  a  fine 
'  wire  coil.  The  sacro-abdominal  or  utero-sacral  methods  may 
be  cmplo)'ed,  or  we  may  use  AposlolCs  bipolar  intra-uterine 
method. 

457.  AITections  of  the  Vagina— VagfnJsmu*,— The 
only  affection  of  the  vagina  which  interests  us  is  vaginismus. 
It  may  be  treated  by  the  faradie  current,  using  a  tliin  wire 
iCoil.    Apostolus  bipolar  vaginal  electrode  should  be  used. 
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This  consists  of  an  insulated  cylinder,  to  whidi  arc  fixed 
two  rings  connected  to  the  two  terminals.  The  seances  may 
be  giadtialiy  pri>)ungcd  up  to  half  an  hour.  Vaginoabdumi- 
nal  faradisation  may  also  be  employed.  Higit- frequency 
currents  applic^l  by  means  of  dilating  electrodes  also  give 
satisfactory  results.  Siiunotherapy  has  a  good  effect,  but 
is  more  difficult  of  application. 

458.  Affections  of  the  Vtilva — Pruritus — Vegetatfons. 
— Vulvar  pruritus  may  be  treated  by  bigli-fre<)uency 
cRIeuvcs.  Condylomata  should  be  removed  by  galvano-cau* 
tcry  or  by  electrolysis,  in  the  way  described  for  vascular 
tumours  (42S). 

459.  Vomiting  of  Pregnancy. — When  all  other  means 
have  failed  electrical  treatment  will  often  relieve  this  in- 
tractible  affection.  A  cathode  of  at  least  150  sq.  on.  should 
be  placed  on  the  epigastric  region.  Two  anodes  of  3o  to  40 
sq.  cm,  coupled  together  arc  applied,  one  on  each  side,  to 
the  course  of  the  vagi  at  ihe  neck,  i.f.,  to  the  interval  be- 
tween t])e  sternal  and  clavicular  heads  of  the  stemo-mastoid, 
immediately  above  the  clavicle.  The  application  should  be 
made  during  a  meal.  The  maximum  inten-tity  .should  be  10 
to  15  miltiamperes.  In  Bordter's  hands  this  method  has 
given  good  results.  The  current  is  turned  on  suddenly  each 
time  there  is  any  sign  of  vomiting,  .\fter  being  allowed  lo 
pass  for  a  few  seconds,  it  i.1  then  gradually  reduced  to  zero. 
After  3  few  seances  the  attacks  are  brought  under  control, 
becomi-  less  frequent  and  finally  disappear. 

460.  Kadio-diagnosis  in  Obstetrics. — We  may  deter- 
mine the  pubo-sacrat  diameter  of  the  pelvis  by  means  of  ordi- 
nary clinical  examination.  By  means  of  tlie  X-rays,  how- 
ever, we  are  able  also  to  measure  the  transverse  and  oblique 
diameters  of  the  inlet.  For  details  we  may  refer  the  reader 
10  Bouchard's  "Traitc  de  Radiologif,"  in  which  he  will  find 
a  long  dissertation  by  Fabre  on  this  subject. 
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A.  Conlremoulins'  procedure. — This  consists  in  taking 
two  succesiivL-  ^kutgraiii!!  with  different  positions  of  the 
focus  tube,  without  changing  the  position  of  the  subject  or 
tlic  plane  of  projection.  After  the  first  ncnativc  is  taken  the 
plate  is  removed  and  a  second  one  is  placed  in  the  same  posi- 
tion. In  each  instance  the  norma)  point  of  incidence  is 
indicated  on  the  skia^am.  A  tracing  of  the  salient  points 
is  taken  and  this  is  transferred  to  a  rigid  plate  of  liiic.  By 
means  of  threads  stretching  from  tlic  points  in  the  linc  plate 
the  two  cones  of  projection  may  be  reconstructed,  their 
apices  corresponding  to  the  two  positions  of  the  focus  tube. 
The  intersection  of  these  cones  will  determine  the  size  and 
position  of  the  pelvic  inlet.  This  area  may  be  measured  by 
means  of  a  special  apparatus. 

B.  Stereoscopic  Method  of  Marie  and  Ribaut. — This  is  a 
general  method  designed  by  Marie.  Two  skiagrams  are 
taken  so  as  to  give  an  image  in  relief.  Tlic  distance  between 
any  two  points  may  be  measured  by  means  of  tlic  sterio- 
meter.  This  is  an  elegant  method  which  only  requires  the 
apparatus  for  radio-stcrco<tfopic  examination. 

C.  yamier's  method. — This  mctliod,  which  was  one  of  the 
earliest,  does  not  necessitate  any  special  apparatus.  It  con- 
sists in  the  comparison  of  the  skiagram  of  the  pelvis  to  be 
measured  with  that  of  a  standard  pelvis,  the  site  of  which 
is  known.    .\  scries  of  radiographs  arc  made,  each  one  from 

»a  pelvis  of  known  dimensions.  On  comparing  the  radiograplt 
in  question  with  this  scale  we  obtain  its  true  dimensions. 
Varnier  has  shewn  that  this  metIio<I  gives  correct  results 
within  small  limits  of  error.    The  indispensable  conditions 
are  that  the  focus  tube  should  be  at  a  fixed  distance,  that 
the  pelvis  should  be  in  all  cases  in  the  same  position  relative 
^-  to  the  plate,  and  that  the  normal  ray  should  always  impinge 
B  on  the  same  point  of  the  pelvis.    Varnier  placed  the  focus 
H  tube  at  a  distance  of  50  centimetres  and  made  the  normal 
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ray  impinge  on  ibc  centre  of  a  line  joining  ihe  anterior  su- 
perior spines  of  the  ilia. 

The  weak  spot  in  this  method  is  the  unequal  inclination 
of  the  pelvis  ill  different  cases.  Moreover,  the  individual 
differences  are  exa^cratcd  by  Ihe  proximity  of  the  focn* 
tube  to  the  patient.  I'aniier  has  attempted  to  obviate  Ihil 
by  placing  the  focus  tube  at  a  distance  of  xyi  metres.  (Loog- 
distance  radiwgrapliy.) 

Recent  improvements  have  rendered  it  possible  to  operate 
at  Uiis  distance  without  too  long  an  exposure. 

D.  Metric  Radiography.  Procedure  of  Fobre,  Fochiir 
attd  Dcstol. — The  following  is  the  principle  of  tllis  method. 
A  rectangtdar  metal  frame,  32  cm.  by  t6  cm.,  is  pro\nde<l, 
the  sides  of  which  arc  divided  into  centimetres  by  well- 
marked  indentations.  This  frame  is  placed  as  far  as  possi- 
ble in  the  plane  of  the  brim  of  the  pelvis.  The  image  of  Ibe 
frame  and  its  divisions  will  undergo  Ihe  same  distortion  as 
that  of  the  brim  of  tlic  pelvis.  By  joining  up  the  divisions 
on  the  skiagram  we  may  plot  it  out  in  squares,  each  corre- 
sponding  to  one  square  centimetre.  In  this  way  the  true 
estimate  of  Ihe  brim  may  be  obtained. 

It  is  most  convenient  to  place  tbe  )iattent  in  tlie  frontal 
position,  with  posterior  incidence  of  the  normal  ray.  If  a 
radic^raphic  couch  is  not  at  our  disposition  the  patient 
sliould  be  placed  in  a  prone  position.  I  Gnd  it  of  great  ad- 
vantage to  use  a  couch  with  the  foais  tube  beneath,  and  tbe 
plate  above.  The  patient  lies  on  lier  back.  In  order  to  place 
the  frame  in  the  plane  of  tbe  inlet  a  line  is  traced  across  the 
back  of  tlic  patient,  passing  through  the  two  dimples  form- 
ing  the  lateral  angles  of  the  lozenge  of  Michtulis.  The  frame 
is  placed  around  the  body  and  its  posterior  border  is  made 
to  coincide  with  this  line,  the  anterior  border  being  brought 
into  contact  with  the  upper  border  of  the  pubis.  For  an- 
terior incidence  the  focus  tube  is  placed  65  cm.  off  on  the 
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median  line  of  the  patient,  at  a  point  20  cciittmctrcs  above 
the  porterior  line  just  mentioned.  When  Uic  incidence  i» 
posterior  the  focus  tube  is  placed  65  centimetres  ofT  on  a 
normal  to  the  median  tine,  20  centimetres  below  the  pubic 
line. 

In  ventral  decubitus  the  method  is  tlie  same,  but  the  pubic 
border  of  the  frame  is  placed  in  position  fir*.t,  the  supra- 
pubic line  having  been  previously  drawn  across  the  tlttghs. 

Other  methods. — For  an  account  of  the  methods  employed 
by  Bouekacourl,  Morin,  Carlos,  Santos  and  others,  we  must 
refer  the  reader  to  Fabre's  chapter  in  Bouchard's  work. 

461.  Labour  and  its  complicationa. — Electricity  is  but 
rarely  used  in  obstelrkal  practice,  aUhoii|;h  it  ts  much  supe- 
rior to  ergot  as  a  stimulant  of  uterine  contraction  {Radford, 
Baird,  Brivois).  It  is  useful  in  the  after  treatment,  more 
especially  for  haemorrhage  and  subinvolution  <449).  Tripier, 
as  we  have  seen,  uses  it  systematically. 

462.  Lactation. — We  can  only  bricHy  allude  to  the  use 
of  pneumatic  massage  in  order  to  draw  out  the  retracted 
nipple.  This  is  effected  by  a  pump  which  exhausts  the  air 
rhythmically,  as  a  cliild  does  ia  sucl<ing.  The  pump  is 
driven  by  an  electric  motor.  We  may  notice  here  the  in- 
genious arrangen>ent  adopted  in  the  treatment  by  sismo- 
therapy  or  mechanical  massage.  By  means  of  a  small  air- 
pump,  suction,  compression,  or  massage  may  be  given  at 
wUl. 

By  this  n>e3ns  it  might  be  possible  to  treat  the  depressed 
or  umbilicaled  nipple  in  young  women,  a  condition  which 
may  in  later  years  interfere  with  suckling. 

Frank  linisation  appears  to  be  an  energetic  stimulant  of 
glandular  function.  In  cases  where  the  secretion  of  milk  is 
insufficient  the  static  breeze  or  aigrette  may  be  directed  on 
the  breast,  a  seance  of  to  minutes  being  given  every  day  or 
every  other  day. 


CHAPTER  V. 
ANDROLOGY. 

463.  Stricture  of  the  Urethra. — This  affection  is  cur- 
able by  electrical  treatment,  whether  the  stricture  is  infiain- 
matory  or  cicatricial,  althougti  in  the  Utter  case  the  results 
arc  not  so  brilliant  (Desnas).  There  are  two  methods  of 
treatment,  circular  electrolysis  and  linear  electrolysis,  both 
of  which  are  of  incontestable  value.  The  first  was  used  by 
Tripier  and  Malle:  in  1863,  and  more  lately  by  Sewmann; 
the  latter  by  Jardin,  and  after  him  by  Fori. 

Spasmodic  stricture  of  non-or^^nic  origin  is,  in  most  iD- 
stsnces,  amenable  to  faradisation. 

Some  authors  consider  that  stricture  should  not  be  treated 
when  accompanied  by  hwmorrhage  or  discharge  (Nra?- 
inann).  The  majority  of  medical  electricians  do  not  share 
this  opinion. 

464.  Treatment  of  Stricture  by  the  linear  method. — 
This  method,  first  employed  by  Jardin,  was  further  elab- 
orated by  Fori.  The  electrode  he  used  somewhat  resembles 
Maisonneuve's  urethrotome.  The  whole  of  the  instrument 
is  insulated,  except  a  .■■'mall  flexible  jxirtion  which  represents 
tlie  blade.  Various  modilications  have  since  been  introduced. 
The  best  known  models  arc  those  of  Jardin,  Gaiffe,  Lai-atix 
and  Bergonii'DcHdat.  The  last  has  an  adjustable  project- 
ing blade. 

The  electrolytic  sound  is  connected  to  the  negative  pole 
and  the  indifferent  anode  is  placed  on  the  alxlomen  or  else- 
where. The  instrument,  with  the  blade  directed  upwards,  is 
introduced  into  the  urethra  as  far  as  the  stricture.    The 
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ciirrent  is  then  turned  on  and  gradually  increased  to  lo,  15, 
30,  and  even  50  miiliamperes.  Usually  a  current  of  15  mil- 
liampercs  is  enough  to  8e*-er  th<;  stricture.  In  consequence 
of  the  small  surface  of  the  blade  the  density  of  the  current 
is  considerable,  and  it  is  therefore  not  advisable  to  pass  the 
electrolytic  sound  more  llian  once. 

Opinions  differ  as  to  tlie  value  of  (his  procedure.  Tts  op- 
ponents object  that  a  wound  is  made  in  tlie  urethra  wliicli 
rnay  readily  become  infected,  and  which  may  give  rise  to  a 
new  cicatrix  and  a  new  stricture. 

The  result  of  this  treatment  is  rapid,  but  it  is  not  always 
durable. 

In  my  opinion  it  is  preferable  to  employ  the  circular 
method  whenever  possible.  Linear  electrolysis  should  be 
reserved  for  cases  which  cannot  be  treated  by  the  circular 
method,  or  where  it  is  important  to  cure  the  stricture  quickly, 
'  in  a  single  seance.  The  case  usually  requires  to  be  com- 
pleted by  mccljanicil  diblation  with  a  soft  bougie. 

465.  Treatment  of  Urethral  Stricture  by  &e  circular 
method. — Tlii-i  method,  which  was  introduced  by  Tripicr 
and  Maile:  in  1863,  tends  more  and  more  to  become  the 
method  par  excellence  for  the  treatment  of  stricture.  An 
olive-shaped  electrode  connected  to  the  ncfjativc  pole  is  in- 
troduced up  to  the  stricture-  The  current  is  passed  between 
this  point  and  an  indifferent  anode  on  tlie  abdomen  or  other 
part  of  the  body. 

The  following  are  the  principal  types  of  electrodes  em- 
ployed in  circular  electrolysis: 

a. — Ncatmann's  olives.  These  electrodes  are  ovoid  in 
shape,  and  are  attached  to  the  extremity  of  an  insulated  con- 
ductor. In  Nermann's  model  this  conductor  is  rigid,  where- 
as in  that  of  GaiUard  or  of  Borditr  it  is  flexible.  It  is  some- 
times provided  anteriorly  with  a  filiform  bougie  to  act  as  a 
director    When  the  stricture  is  in  the  anterior  portion  of 
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Ihe  iirellira  many  authors  prefer  an  electrode  in  the  shape 
of  u)  acorn.  The  olive  electrodes  are  calibrated  in  the  uxnc 
way  as  bougies. 

After  having  carefully  determined  the  position  of  the 
stricture,  an  olivary  electrode  two  or  three  size*  larger  than 
the  caUbre  of  the  canal  is  passed  up  to  that  point.  The  air> 
rent  is  then  turned  on  and  gradually  increased.  With  slight 
pressure  the  instrument  may  be  felt  to  pass  the  stricture 
without  effort.  The  current  is  then  gradually  reduce*)  to 
zero  and  the  electrode  is  withdrawn.  The  intensity  to  Iw 
employed  is  5.  10  or  15  miJIiamperes.  according  to  the  si« 
of  the  electrode  and  the  mechanical  resistance  of  the  tis- 
sues. The  larger  (lie  electrode  the  less  is  the  density  for  a 
given  intensity  of  current. 

b. — Debidafs  olht-shaped  electrodes.  Tliesc  differ  from 
those  of  Newmann  in  that  their  larger  extremity  only  is 
metallic,  the  anterior  portion  being  of  ivory  and  noo-cDO- 
ducting.  '         J 

This  electrode  is  passed  through  the  stricture  and  the  cur- 
rent if  turned  on  while  it  is  being  withdrawn, 

Ihis  method  of  procedure  may  be  used  for  valvular  stric- 
ture with  the  concavity  towards  the  bladder,  but  it  is  of 
little  value  in  ordinarj'  ca^es  when  it  is  impossible  to  pene- 
trate the  stricture  except  under  the  action  of  the  current 

Ci — S-'ernay'j  electrode.  In  this  instrument  the  conduct- 
ing part  is  in  the  front  of  the  clectro<Ie. 

d. — The  Ringed  Bougies  of  Bergonii  and  Bordier,  Ber- 
gom^  was  the  first  to  construct  an  electrolytic  bougie,  ter- 
minated by  a  ring  instead  of  an  olive.  A  metal  wire  wii 
wound  round  the  bougie  a  few  centimetres  from  the  enil. 
and  this  wire  was  connected  with  a  central  conductor,  the 
ring  being  partially  simk  in  the  ."iubstance  of  the  bougie. 

Bordier  replaced  the  wire  by  a  metal  ring  projecting  above 
the  surface  of  the  bougie.    The  edges  of  the  ring  are  care- 
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fully  roumlcci  and  a  rivet  passing  through  llie  bougie  fixes  it 
in  position  and  puts  it  in  metallic  connection  wttJi  the  central 
conductor.  Bergonic  has  nioditicd  the  ring  by  giving  it 
somewhat  of  a  barrel  sliape,  the  diameter  at  the  equator  be- 
ing greater  than  that  at  the  extremities. 

The  mode  of  operation  is  the  same.  As  soon  as  the  ring 
or  Iwrri-I  is  in  coiilact  wilh  the  stricture  the  current  is  turncil 
on  and  gradually  increased  to  5  or  8  iiiilliaiiipefcs.  Under 
its  action  the  bougie  easily  passes  the  stricture,  and  docs  not 
usually  take  more  than  a  minute  to  do  so,  Tlic  ring  is 
passed  several  times  tlirough  tlie  stricture,  botli  backwards 
and  forwards,  without  interrupting  the  current.  The  seances 
are  repealed  every  three  or  (our  days  till  a  No.  20  bougie  on 
^^karriere's  scale  will  pass. 

^H   Comparison  of  tlu  diffcrait  systems. — It  is  difScult  to 
^Kfaoose  betwceen  lhi.-«e  various  model  of  procedure.    In  my 
^own  practice  I  always  employ  Ber^onii's  when  possible.    Its 
chief  advantages  are: — 

I.  Tile  ring  is  always  in  (he  axis  of  (he  canal,  ibe  ex- 
L^trcniity  of  the  bougie  acting  as  a  director. 
B    3.  The  apparatus  is  strong  and  flexible,  and  one  is  not 
^Ufraid  of  leaving  Ilie  olive  in  the  pa.ssagc,  an  accident  whicli 
^Hias  more  tlian  onec  occurred.     In  my  own  case,  workiug 
with  an  olive  of  Xo.  12  size  on  a  flexible  handle,  I  passed 
the  instrument  through  tlie  stricture  witliout  difficulty.    ()ii 
withdrawing  it,  however,  I  met  with  an  unexpected  resist- 
ance.   Trusting  to  the  power  of  the  negative  pole,  I  contin- 
ued to  pass  a  current  of  5  to  15  milliampcrcs  for  more  than 
10  minutes,  exercising  very  gentle  traction,    .'\t  last  I  suc- 
ceeded in  extricating  tlie  cleclrode.    I  congratulate  myself 
on  not  having  had  an  olive  witli  an  ivory  back,  or  a  bougie 
that  had  been  weakened  by  age  and  use.    An  experience  like 
this  was  qiute  enough  to  make  one  prefer  a  ringed  bougie. 
Wc  must,  however,  have  recourse  to  an  oIivc-tiM)cd  cloc- 
^9 
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trodc  when  the  patient  has  a  stricture  of  small  calibre  and 
cannot  afford  the  time  to  dilate  the  urethra  slowly.  It  nay 
be  impossible  to  dilate  the  urethra  sufficiently  to  admit  the 
anterior  part  of  the  ringed  bougie.  Even  Ntnvmann's  elec- 
trodes with  liltfurm  director  may  not  be  able  to  pass.  In  this 
case  we  may  lake  an  oIive-lippe<!  electrode,  and  pass  it  as 
far  as  the  stricture.  With  prudence  and  the  use  of  a  mod- 
erate current,  there  is  not  much  danger  of  making  a  falfe 
passage. 

Theory  of  circular  electrolysis  in  the  treatment  of  sirit' 
ture. — In  linear  electrolysis  there  is  a  certain  amount  of 
destruction  of  tissue  in  consequence  of  the  density  of  the 
current.  This  is  not  the  casm  with  cirvular  electrolysis, 
Neivmann  and  Bordier  consider  that  there  is  a  chemical 
action  due  to  the  separation  of  sodium  at  the  negative  pole, 
and  that  this  chemical  action,  the  so-called  tertiary  action  of 
BtrgOHii,  causes  absorption  of  the  thickening  around  the 
stricture.  In  Bergonii's  opinion  tliere  is  a  true  "clcctrol>1ic 
dilation."  Under  the  influence  of  the  liberated  sodium  ion 
the  tissues  become  more  supple,  and  more  easily  dilatable. 
The  expcrimcms  of  Bergonit  and  Ravarit  show  that  the 
positive  pole  has  a  constrictive  action  on  organic  lubes, 
whereas  the  negative  pole  acts  as  a  dilator.  It  is  possible 
that  both  theories  arc  true,  and  that  under  the  influence  of 
the  current  a  phy.sical  dilaUtton  facilitates  the  introduction 
of  the  bougie,  while  under  the  influence  of  the  soditmi  ion 
there  is  also  a  chemical  effect  which  produces  absorption  of 
tiie  thickening  in  the  tissue. 

466.  Prostatitis — Hypertrophy  of  the  prostate. — Vari- 
ous electrical  procedures  have  been  employed  with  success  in 
this  affection. 

I.  Intra-reclal  application  of  luRh-frequency  currfnts. — 
The  results  of  this  treatment  are  equally  good  in  h\-pcrtroplty 
of  the  prostate  and  in  prostatitis  of  gonococcic  origin. 
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technique  is  the  same  as  for  anal  fissure.    Seances  of  5  min- 
utes may  be  given  three  limes  a  week. 

2,  Gaivamsaliott. — ^This  consisu  of  circular  electrolj-gii, 
the  negative  pole  being  introduced  into  the  urethra,  with 
the  indifferent  anode  on  the  perineum  or  in  the  rectum. 
Intensity,  10  inilliamperes ;  duration,  5  minutes.  Some 
authors  give  currents  of  much  greater  intensity.  Electrodes 
have  been  designed  which  only  act  on  the  posterior  wall  of 
the  nrelhra. 

3.  Faradisation  or  Sinusoidal  V oltaisation.-^T\K  tech- 
nique is  the  same  as  for  galvanisation.  The  amelioration  is 
often  rapid.  Loral  employs  the  following  procedure:  He 
introduces  an  oiivarj'  electrode  into  tlic  rectum  at  the  level 
of  the  prostate.  The  indifferent  electrode  is  placed  on  the 
abdomen.  A  sinusoidal  current  is  employed  as  strong  as  the 
patient  will  bear.   The  results  are  very  encouraging. 

467.  Chronic  glandular  Urethritis, — In  this  disi^ase 
some  authorities  recommend  ihc  electrolysis  of  the  cryjit  of 
Morgagni,  with  a  blunt  pMnted  electrode,  and  Uie  glands  of 
Liltre  with  a  sharp  point.  This  may  be  carried  out  with  the 
aid  of  the  endoscope  (RoUmonn,  Mundorif). 

4C8.  Orchitis. — ^In  this  disease  Dottmcr  has  obtaiiKd 
good  results  from  the  use  of  the  high  frequency  effleuve. 
Picol,  Dubois  and  Boyland  have  made  use  of  the  continuous 
current  with  success.  An  appropriately  shaped  anode  is  ap- 
plied to  the  testicle  and  the  cathode  is  applic<l  to  the  fold  of 
the  groin  over  the  spermatic  cord.  From  6  to  30  miliiam- 
pcres  may  be  given,  according  to  tlic  degree  of  tolerance. 
Seance  of  10  minutes  every  day  or  every  other  day.  Dubois 
advises  ionisation  with  a  20  per  cent  solution  of  iodide  of 
potash. 

For  neuralgia  of  the  testicle  the  reader  should  consult  par. 
379- 
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N.B. — It  shcwild  be  remembered  in  using  radiotherapeuiic 
treatment  for  affections  of  ihc  testicle  that  the  X-rays  pro- 
duce atrophy  of  the  gland,  ■with  azoospermia  and  consequent 
sterility.  \Vc  should  be  careful,  therefore,  to  protect  the 
testicles  when  we  are  treating  neighbouring  regions  with  the 
X-rays, 

469.  Impotence.— When  this  is  due  to  a  normal  cause 
we  should  endeavor  to  act  on  the  general  health.  I  hate 
frequently  seen  good  results  follow  the  use  of  (he  high  fre- 
quency effleuvc  on  the  spine.  We  should  not  adhere  too  per- 
ttnaciouxly  to  one  mode  of  treatment.  The  cure  is  half  com- 
pleted when  tile  patient  has  regained  his  self-confidence. 

470.  Seminal  losses.— The  treatment  will  vary  accord- 
ing  to  the  cause.  We  usually  begin  witli  g^vanisation,  die 
anode  being  placed  on  the  pcrinciun  and  tlie  cathode  on  the 
loins.  Inlensily,  15  to  20  milliampere^ ;  diiralion,  5  mimrtes. 
When  the  spermatorrhoea  is  due  (o  atony  of  the  ejaciilatory 
apparatus  Caslcx  advises  the  employment  of  the  method  de- 
scribed above  for  prostatitis;  by  means  of  an  intra- urethral 
ring  electrode  at  the  level  of  the  prostate,  and  a  perineal  in- 
different electrode.  A  galvanic  current  is  U-sed,  which  is 
rhythmically  reversed  every  four  seconds.  Intensity,  6  to  8 
milliampercs ;  duration,  $  minutes. 

Denis  Cattrlode  recommends  faradisation  with  a  fine  wire 
coil.  The  anode  is  placed  on  the  lumbar  region  and  a  cathode 
on  the  perineum.  If  this  fails  he  recommends  the  direct 
faradisation  of  tlie  vesiculie  scminales.  The  anode  bein$ 
placed  on  the  loins,  he  in!  reduce*  a  carbon  electrode  into 
the  rcclura  against  the  posterior  surface  of  the  vcsicube 
seminate.  Under  these  conditions  it  is  better  to  employ 
the  thidc  wire  coil  with  slow  interruptions.  Tlie  treatment 
is  completed  by  the  use  of  the  continuous  ctirrcnt,  gi\'ing  10 
to  15  milliampcrcs  with  a  high  speed  break.  Total  duration, 
10  minutes.    Three  seajices  each  wedc. 
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'  471.  Phimosis — Leduc's  operation  ty  Galvano-ou- 
tery. — Leduc,  of  Nantes,  has  devised  a  means  of  operating 
on  phimosis  by  galvano-cautery.  The  operation  consists  in 
the  removal  of  a  triangular  piece  of  the  prepuce.  Hie  base 
of  this  triangle  is  formed  by  the  lower  third  of  the  preputial 
orifice,  and  the  apex  is  at  the  root  of  the  frcnum.  Cocain* 
may  be  used,  by  injecting  a  cuhic  centimetre  of  a  1  per  cent 
solution  into  each  side  of  the  prepuce.  The  prepuce  is  tlicn 
seized  by  a  pair  of  forceps  along  each  side  of  the  triangle 
to  be  excised.  With  the  knife  of  the  galvano-caiitery  at  a 
dull  red  heat  the  prepuce  ma>'  ihen  he  divided  just  inside  the 
blades  of  the  forceps.  Wlien  the  sides  of  the  triangle  are 
detached  tite  fremim  is  seized  close  itp  to  iIk'  glans  by  a 
third  pair  of  forceps,  and  the  triangular  piece  of  the  prepuce 
is  detached.  \i  the  galvano-caiitery  is  not  too  hot  there  will 
be  no  hxmorrhage. 

In  the  after-treatment  the  following  antiseptic  salve  may 
beu3ed>— 

HjrdraTK.  oxide,  mb. 2  grammes 

Acid,  vilicyl igrirnmcs 

ZiDct  oxid I    grammes 

Vanrline »     Krammes 

The  patient  may  continue  to  attend  to  his  business.  If 
the  lips  separate  healing  is  delayed,  but  it  is  not  necessary 
to  use  a  suture. 
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472.  Incontinence  of  Urine. — In  this  chapter  we 
shall  only  discuss  true  incontinence  of  urine,  and  not  the 
incontinence  due  to  retention,  or  that  caused  by  calculus  or 
tumour  of  the  bladder. 

The  incontinence  which  is  amenable  to  electrical  treatment 
is  of  two  kinds: 

1.  Nwlumal  im-onlinencc  of  children. — ^This  is  by  some 
autliorx  attributed  to  a  special  irritability  of  the  bladder. 
The  best  authorities,  however,  attribute  it  to  faulty  co- 
ordination between  the  cerebral  centres  and  the  automatic 
centres  in  the  lumbar  region  of  th«  spinal  cord,  resultiiig  io 
the  loss  of  cerebral  control  over  the  liimho-vesical  reflexes. 
{Louis  Jones,  Archh:  d'Elccl.  Med.,  Nov.  15,  1899.) 

2.  IneonlineHce  of  Urine  of  Adults,  both  nocturnal  and 
diunial.  This  is  due  to  failure  of  the  sphincter,  and  seldom 
occurs  in  early  life.  This  variet>'  of  incontinence  is  usually 
associated  with  lesion  of  the  spinal  cord. 

Nocturna]  incoHtinence  in  children. — ^.^11  audiorities  are 
agreed  as  to  the  mode  of  treatment,  although  they  may  dif- 
fer as  to  the  pathogenesis;  whether  the  .tyniplom  is  due  lo 
irritability  of  the  bladder,  or  default  of  cerebral  control  over 
the  lumbar  centres. 

On  account  of  the  difficulty  of  catheterization  in  children 
intra-urethral  electrisation  should  be  used  only  in  excep- 
tional cases. 

The  best  method  of  procedure  is  to  treat  llie  lumbar  and 
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supra-pubic  regions  with  a  shower  of  sUttc  or  htgli  fre* 
qucocy  sparks.  A  dozen  swiiKCS  may  be  givai,  eacii  wiUi  a 
duration  of  from  2  to  4  minutes. 

Tlie  faradic  or  rhytlunic  galvano-faradic  current  may  also 
be  used.  One  electrode  should  be  placed  on  the  loins  and 
one  on  the  perineum,  vulva,  or  supra-pubic  region,  Dura- 
tion, 6  to  7  minutes. 

IncoNtimnce  due  to  failure  of  the  sphincter.  Nocturnal  and 
diuntal  incottlinence. — This  varictj-  of  incontinence,  which  »» 
rarely  met  with  in  children,  is  bcM  treated  by  inira-iirethral 
faradisation  {Guyott).  An  olivary  electrode,  such  as  that 
used  in  circular  electrolysis,  is  introduced  into  the  urethra 
till  it  reaches  the  sptiincter.  Tliis  jwint  may  be  known  by 
the  sense  of  resistance  felt  by  the  operator  and  by  the  sensa- 
tions of  the  patient.  The  oli\-c  is  connected  to  the  negative 
pole  of  tlte  coil,  while  tlie  indifferent  anode  is  f^aced  on  the 
abdomen  or  lumbar  region.  Hie  intensity  of  the  current 
may  be  increased  until  we  produce  contractions  of  the  ab- 
dominal muscles.  Duration,  2  to  4  minutes.  Seances  every 
day  or  every  other  day.  A  result  should  be  obtained  in  10  to 
15  seances.  The  procedure  is  suitable  for  eitlicr  sex,  and  in 
many  instances  a  favourable  result  is  obtained  after  the  first 
few  seances. 

Morton's  currents  may  also  be  employed  instead  of  the 

faradic  current  {Bordier,  Clans).    Tlic  patient  is  placed  on 

a  non-insulated  couch.    The  chain  of  one  of  the  condensera 

is  earthed  while  the  other  is  connected  to  the  soimd.    The 

poles  of  the  machine  arc  first  placed  in  contact  and  are  then 

gently  separated  until  there  are  7  to  10  sparks  per  second. 

B   Duration,  5  minutes.    Seances  every  day  or  every  other  day. 

473.    Paralysis  of  the  Bladder. — TIic  vesical  plexus 

I        has  two  origins,  ooe  from  the  sympathetic  ami  ilie  other 

H    from  the  sacral  nerves.    The  contraction  of  the  sphincter  is 

H   under  the  control  of  the  sympathetic,  whereas  the  contrac- 
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lion  of  the  bladder  is  under  the  control  of  the  sacral  plexus. 
In  cases  where  both  the  body  and  the  neck  of  the  bladder 
arc  paralysed  we  may  gel  retention  from  paralyiris  of  the 
bladder  succeeding  tiKontinence  from  paralysis  of  the  neck. 
This  is  especially  the  case  during  a  course  of  electrical  trcal- 
ment,  and  i$  due  to  tlie  fact  that  the  paralysis  of  the  ucnl 
nerves  supplying  the  body  is  much  more  obstinate  than  par- 
alysis of  the  sympathetic  supplying  the  neck. 

FJeciro'lherapeutics. — In  addition  to  treatment  for  the  re- 
moval of  the  cause  we  may  faradlse  the  bladder  directly.  Far 
this  pur^Kise  we  introduce  a  weak  solution  of  boric  acid  .' 
per  cent,  by  means  of  a  catheter,  or  by  pressure  witliout » 
catheter,  as  in  Lavaux's  method. 

An  electrode  with  an  insulated  conductor  is  introdticed 
into  the  bladder,  and  is  connected  to  the  negative  pole  of  a 
thick-wired  coil.  The  indifferent  anode  is  placed  on  the 
loins.  DHration,  5  minutes.  The  rhythmic  galvanic  current 
may  also  be  applied.    Intensity,  10  to  15  milliampcrcs. 

In  paralysis  due  to  leaons  of  the  central  nervous  system 
Courlade  recommends  galvanisation  of  the  spine  with  the 
ascending  or  descending  current,  the  labile  electrode  being 
placed  on  the  spine,  and  the  other  electrode  on  the  perineum. 
Intensity.  15  to  25  milliampercs.  We  may  also  employ  labile 
faradisation  of  the  dorso-lumbar  and  abdomino-crural  re- 
gion  with  the  n^fative  pole,  the  positive  pole  being  placed  on 
tlie  perineum. 

474.  Urinary  CalculL — It  Is  not  easy  to  diagnose 
urinary  calculi,  whether  situated  in  the  kidney,  the  ureter,  or 
tlic  bladder,  by  means  of  the  X-rays,  These  regions  are  not 
very  transparent,  and  the  calculi,  not  being  very  opaque,  do 
not  contrast  well  with  their  surroundings, 

Vesical  calculi  arc  much  better  diajjnoscd  by  tlie  sound, 
so  tliat  we  need  only  refer  here  to  calculi  "'  the  kidney  and 
ureter. 
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Calculi  formed  of  urates  are  the  most  transparent,  and 
are  hardly  visible.  Phosphalic  or  oxalic  calculi  arc  more 
Opaque.  It  should  be  remembered  that  the  oiiacity  of  a  body 
to  X-rays  is  proportional  to  its  density.  Thus  calculi  of  urate 
of  ammonia  arc  least  visible,  then  come  tlie  urates  of  soda, 
magnesium,  potassium,  and  calcium  in  llie  order  of  their 
atomic  weights.  Uric  acid  calculi  arc  very  transparent.  The 
oxalates  and  phosphates  of  calcium  arc.  on  the  contrary, 
mudi  more  opaque  than  tlie  surrounding  tissues. 

For  the  discover}-  of  urinarj-  calculi  it  is  useless  to  employ 
rays  of  too  great  penetration.  The  maximum  degree  of 
Iiardness  sliould  correspond  to  No.  6  oti  Benoist't  radio- 
chromomctcr,  BecUre  recommends  the  use  of  No,  5  or 
No.  6. 

The  second  precaution  is  to  diminish  the  excessive  illumi- 
nation of  the  neighbouring  regions.  For  tliis  purpose  a  lead 
diaphragm  is  useful.  The  iris-diaphragm  of  Bhlire  gives 
excellent  results. 

The  apparatus  designed  by  Aibers-Schonberg  constitutes 
at  the  same  time  a  compressor  to  diminish  the  thickness  of 
the  soft  parts,  and  a  diaphragm  limiting  the  field  of  rision. 
It  is  a  lead  cylinder  10  cm.  in  diameter  and  22  cm.  long.  One 
end  receives  the  focus  tube  and  is  furnished  with  a  dia- 
phragm 3  cm.  in  diameter.  The  lower  end  of  the  tube  is 
used  to  compress  the  tissues  of  the  abdomen. 

With  the  aid  of  this  instrument,  in  favourable  cases,  we 
are  able  to  make  out  the  image  of  renal  calculi  on  the  screen. 
Sterio-radiography  also  render*  good  service  in  tlie  detection 
of  calculi.  , 

475.  Other  affections. — Various  means  of  treatment 
have  been  recommended  in  nephritis,  hot  air,  light  baths 
(Gautier  and  Laral),  and  high-frequency  currents  {Bointt 
and  Caillol  de  Poncy) .  .Ml  of  these  methods  are  said  to  have 
produced  a  diminution  of  albumen  in  tlie  urine.   As  Denoyii 
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CHAPTER   VII. 
SKIN    DISEASES. 

476.  Eczema.^ —  la  all  its  varieties,  eczema  may  be  con- 
wdcTcd  to  be  an  autotoxic  dermatosis,  i.e..  an  affection  of 
llii;  skiti  pnxluced  by  toxins  elaborated  by  lh«  individual  hiin- 
eif,  as  a  result  of  faulty  alimentation  of  from  some  other 
causc.  The  local  manifestation  is  ao  cpiphcnomefwn,  and 
l^gcncral  as  well  as  local  treatnient  is  needed  fur  the  cure  of 
the  disease. 

There  arc  two  varieties  of  eczema,  the  acute  and  chronic, 
with  numerous  intermediary  forms.    We  arc  usually  called 
to  treat  the  chronic  form,  altliough  both  varieties  are 
amenable  to  electric  treatment. 

Electrotherapy. — The  best  form  of  electrical  treatment  is 
ftatic  electricity  and  high  frequency  currents.    We  may  also 
use  the  X-rays,  or  hydro-electric  baths  with  sinusoidal  cur- 
vrents. 

B    a.    Frtxnklinisalion  gives  admirable  results  {Doumer,  Le- 
HToiV  and  MoneU).    The  patient  is  placed  on  an  insulated 
Hstool  and  connected  lo  one  of  the  poles  of  the  machine. 
^Bordier  recommends  the  negative  pole.     As  electrode  con- 
nected lo  the  other  pole,  he  used  a  single  point,  or  a  nnilliple- 
pointed  electrode,  or  a  brush  made  of  birch.    The  duration 
of   the  application  is  variable,  depending  on  the  circum- 
stances, but  a  minimum  of  10  minutes  on  each  area  is 
reconunendcd.    The  total  duration  of  each  seance  ts  20  to  y> 
minutes,  repeated  e\'ery  day  or  every  second  day.     Ilie 
resides  begin  to  dry  up  after  the  second  d.iy. 
fn  true  scborrhccic  eczema  static  cleclricity  docs  not  appear 
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to  give  such  good  results.    {Broeq.)    This,  however,  yietdi 
rapidly  to  high  frequency  currents. 

b.  High  frequency  currenls  may  be  applied  by  means  of 
tlic  brush  cfflcuvc  or  by  OutHti's  condensing  electrode.  Their 
clTeet  is  very  rapid.  An  application  of  lo  minutes  may  be 
given  three  times  a  week  on  each  region.  This  fonn  oj 
electric  energy  is  specially  adapted  to  this  disease,  since,  be- 
sides its  local  action,  it  has  a  general  action  on  ll)e  organtm^ 
augmenting  organic  combustion. 

In  arthritic  eczema  OiiiUn's  experiments  shew  that 
auto-induction  is  useful,  it  can  only  be  regarded  as 
tlic  necessary  treatment.  The  local  action  is  manifesUil 
by  considerable  vasodilatation.  Pearls  of  sweat  appear 
over  tlic  whole  region,  and  an  inflammatory  reaction  oc- 
curs, accompanied  by  the  cessation  of  pruritis.  These  re- 
sults are  due,  not  only  lo  tbc  action  of  the  high  frcqucncr 
currents  in  tlie  organic  cells  and  tlic  tennination  of  the 
nerves,  but  possibly  to  an  attenuation  of  the  toxins,  such  » 
has  bet-ii  demonstrated  r»  vilro  by  the  experiments  of 
d'ArsoHiHii  and  Ckarrin.  Whatever  be  tlie  tnterpretaUoo, 
there  is  no  doubt  that  high  frequency  treatment  has  a 
curative  action,  both  general  and  local.  We  have  all  seen 
other  untreated  patches  ciisappear  during  tlie  treatment  of 
an  eczematous  region.  I  systematically  submit  patients  snf- 
fering  from  arthritic  eczema  to  treatment  by  auto-inductioo, 
before  beginning  any  local  treatment.  The  auto-inductian 
is  carried  out  by  placing  the  patient  between  high  fre- 
quency spirals  as  described  in  par.  138. 

c.  Hydro-electric  battu  with  sinusoidal  currents  have 
proved  useful  in  tiK  hands  of  Gautier  and  Loral,  cspeciaD.T 
in  obstinate  cases  of  prurigenous  ecxema.  Brocq  is  more 
reserved  in  his  o^nnion,  but  Guimbail  stron^y  reconuneniis 
them. 
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i.    Hot  air  balks  and  the  insufflation  of  hot  air  have  also 
I  been  employed  ii>  the  Ireattnrnt  of  eczema. 

e.     Tfu  X-rays  liavc  given  most  satisfactory  results  in  the 
Ibands  of  a  number  of  experimenters,  among   whom  are 
pKdA'i,  Albcrs  Schonlrerg,  SchoUs,  U'iiiiams,  Freuad,  Sciiiff, 
Crunmaeh  and  Puscy, 

Notwithstanding  their  success,  the  method  cannot  be  said 

I  to  be  firmly  established.    To  those  desirous  of  malting  the 

I  experiment,  we  recommend  rays  of  penetration  No.  5  or 

No.  6  on  BenoUt's  scale.     Dose  3H  to  4H   in  a  single 

seance,  or  in  several  exposures  at  intervals  of  two  or  three 

days. 

H      477.     Urticaria. — Electrotherapy  may  be  employed  in 

'  cases  of  chronic  urticaria.    It  is  difficult  to  decide  whether 

*  urticaria  is  due  to  an  aflfection  of  the  nervous  system  or  to 
auto<tntoxication.  Static  electricity  or  high  frequency  may 
,  be  employed.  This  should  be  a[>plt<:d  in  the  manner  dc* 
scribed  in  the  paragraph  on  tlic  treatment  of  pruritus  (478). 
Gautier,  Larat  and  Guimbail  have  had  good  results  from  the 

^H  use  of  the  hydro-electric  bath  with  sinusoidal  currents. 

^f  478.  Pruritus. — Essential  pruritus,  the  ncuroderma  of 
Brocq.  is  the  result  of  an  auto-intoxication,  and  is  de- 
pendent on  3  special  ner\oiis  state,  cither  local  or  general. 
It  is  this  form  which  is  most  amenable  to  electrical  treat- 
ment.   Static  electricity,  higii  frequency,  or  the  X-rays  may 

^_  be  employed. 

^f  a.  Sialic  electricity. — Lelotr  and  Doumer  have  treated 
in  this  way  a  niim1>cr  of  cases  of  pruritus  of  tlie  vulva,  the 
anus,  and  the  extremities,  together  with  some  cases  of 
general  pruritus.  In  localised  pruritus  the  use  of  the  static 
bath,  and  static  eftleuvc,  las  been  most  encouraging.  Broeq 
and  BissMe  have  also  had  good  results  with  static  electricity, 
even  where  the  syn^ttoms  have  approached  those  of  neu- 
rodermatitis. 


The  treatment  should  be  commenced  by  a  static  bath 
5  lo  8  minutes'  duration.  Afterwards  the  static  efHeuvc 
may  be  directed  on  the  aflfectcd  rt^on  by  means  of  a  point 
or  brush  electrode.  The  bru^h  should  be  coiuwctcd  bj 
preference  to  the  negative  pole  and  held  at  a  distance  of  30 
centimetres  from  the  skin,  for  a  period  of  5  to  10  minutes. 
The  treatment  may  be  occasionally  increased,  even  up  to 
sparking,  with  advantage,  and  will  vary  according:  to  the 
susceptibility  of  the  patient.  The  seances  may  be  repeated 
every  day,  or  e\cry  second  day.    Tlie  success  is  often  rapid. 

b.  High  frequency. — In  pruritus  there  is  a  double  reason 
for  the  emploj-ment  of  hif;h  frequency  currents.  When  thete 
is  any  arthrilic  tendency  or  any  inlerfcrence  with  nutrition, 
it  will  act  on  the  general  health ;  on  the  other  hand,  it  will 
act  locally  in  a  more  efiicacious  manner  than  static  elcctrkity. 

The  observations  ot  Oudin  leave  no  doubt  as  to  the 
efficacy  of  high  frequency  currents  in  ncuroderma.  In 
order  to  gain  the  double  ad^-antagc  of  general  and  local 
action,  the  patient  sltould  be  subjected  to  treatment  by 
auto^onduction  and  efFleuvation  at  the  same  time.  A  seance 
of  auto-inductton  of  15  minutes*  duration  may  be  followed 
by  an  cfficuvation  of  5  to  15  minutes  on  each  region,  re- 
peated every  day.  or  every  other  day. 

c.  X-rays. — X-rays,  in  doses  of  3  H  or  4  H,  often  pro- 
duce a  rapid  remission  of  pruritus.  Rays  of  No.  4  or  No.  5 
on  Betioisfs  scale  should  be  used. 

479. — Psoria^. — The  experiments  made  by  Broeq  and 
'  Bissirii  on  the  application  of  static  efHeuvation  for  psortastl 
gave  no  results.  High  frequency  treatment,  on  tlie  con- 
trary, is  very  eflkacioiu.  Oudin  attaches  the  metallic  brush 
to  the  cxtrcinit>-  of  the  resonator,  and  directs  it  for  some 
seconds  on  each  patch,  thus  obtaining  the  maximum  re- 
vulsive elTect,  the  spark  being  spread  over  the  surface  of 
the  scales. 
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The  first  resolt  of  an  application  is  an  evanescent  phase 
of  vaso-confitriction,  followed  by  dJfTusc  rc<lne««,  accom- 
panied by  a  sensation  of  heat  and  smarting.  If  tliere  is  any 
pruritus,  this  disappears  after  the  first  application.  Th« 
seances  may  be  rqwated  every  two  days. 

Recent  patches  disappear  after  a  few  seances,  while  t]iose 
of  longer  duration  tnay  demand  some  months  of  treat- 
ment. 

Some  authors  recommend  the  arc  light  for  the  treatment 
of  this  disease  (M.  A.  Cleaves). 

The  X-rays,  first  employed  by  Albert  Schonberg,  have 
attained  the  first  place  among  the  curative  agents  employed 
for  psoriasis. 

If  the  psoriasis  is  disseminated,  Scholts  treats  it  with  the 
X-rays  without  using  any  shield  to  protect  tlie  healthy  ^in. 
He  places  the  focus  tube  at  a  distance  of  40  centimetres,  and 
gives  an  exposure  of  15  to  2D  minutes.  It  is  in  his  opinion 
advantageous  to  irradiate  the  neighbouring  skin.  Ullmann 
considers  the  Rontgen  rays  as  the  treatment  par  excellence 
for  psoriasis.  Bclot  has  treated  several  cases,  employing 
No.  5  rays  and  a  dose  of  4  H  to  6  H  in  one  or  two  seances. 
Shortly  after  the  exposure,  the  red  colour  of  the  patch  is 
modified  and  the  healthy  skin  around  the  edges  becomes 
brown.  From  15  to  20  days  afterwards,  the  scales  fall  off, 
leaving  a  reddish  surface,  slightly  hyperxmic,  which  soon 
becomes  pigmented.  A  weak  oinuncnt  of  ichthyol  or  lead 
may  be  applied,  or  llie  yellow  oxide  of  mercurj-.  or  chrys- 
arobin  plaster  (Scholts). 

480.  Pniriga — We  have  TK>t  had  sufficient  experience 
to  determine  the  efficacy  of  electrical  treatment  in  this  dis- 
ease. Brocq  and  Bistcric  have  seen  good  rcsi:lts  frotn  high 
frequency  treatment,  in  a  case  which  was  abnost  one  of 
Hebrews  prurigo. 

High  frcqtKncy  cfficuvation  should  be  used  in  a  systematic 
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maimer.  The  X-rays  may  also  prove  of  Mrricc  Belot  re- 
ports a  case  of  ciirc  of  Hebra's  prurigo  by  means  of  a  single 
application,  with  a  dose  of  4  H  or  5  H,  employing  rays  of 
penetration  No.  4  to  No.  5. 

4Jfi.  Lupus  erythematosus  (Cazenove't  Lupus). — ^This 
affection,  which  i*  cliaracteriscd  by  redness  and  squamx, 
presents  two  perfectly  distinct  types.  It  is  imponant  to  dis- 
tingiiisJi  these  for  purposes  of  treatment.  The  aberrant  lypt 
of  lupus  erylhcmalosHs  is  always  symmetrical,  and  is  local- 
ised on  the  cheeks,  the  dorftum  of  the  note  and  ears.  It  is 
characterised  by  its  capricious  process,  disappearing  and  tlien 
reappearing,  even  during  the  course  of  treatment.  The  Axid 
type  of  lupus  erythematosus,  whidi  may  be  localised  on  any 
point  of  the  face,  presents  a  great  analogy  to  tuberculous 
lupus,  even  if  it  be  not  itself  tuberculous  (Brof^). 

Electrotherapy  —  Radiotherapy.  —  All  authorities  are 
agreed  that  phototherapy  docs  not  give  such  good  results  in 
erytiteniatous  lupus,  as  it  doc«  in  tubercular  lupus  {Frock- 
hammer,  Sabouraud,  Leredde  and  Pautrier).  We  should 
(alec  into  consideration  the  distinction  between  the  two  forms 
of  lupus  erytlicmalosus.  The  fixed  form  should  be  treated 
in  the  same  manner  as  tubercular  lupus ;  i.e..  by  Finsen  light, 
while  the  symmetrical  aberrant  type  is  best  attacked  by  high 
frequency  currents.  This  is  pro%'ed  by  Brocq's  statistics, 
given  in  /acquot's  thesis  (Paris,  1901).  It  would  seem  that 
in  the  future  the  X-rays  arc  declined  to  play  an  important 
role  in  the  treatment  of  this  affection. 

The  following  is  the  line  of  treatment  we  recommend  in 
cases  of  Ca^enotv'j  lupus. 

I.  In  a  case  of  fixed  lupus  cr)-tliematosus,  the  Fitisen 
light  should  be  applied.  If  this  is  not  available,  we  should 
have  recourse  to  the  X-rays.  The  older  metlwils  of  scarifi- 
cation and  gal vano- cautery  have  fallen  into  disuse.  The 
reader  should  consult  par,  4&t  for  the  technique,  whicJi  is 
identical  with  that  for  tuberculous  lupus. 


»XIH  MStAns 


465 


2.  Iti  a  case  of  symmelrka]  aberrant  lupus  erytlieniatosus, 
w«  should  have  recourse  to  high  frequency  treatment. 
(Brocq,  Bissirif,  1897.)  For  this  imrpose  we  u«c  an  elec- 
trode with  a  glass  handle.  I'he  intensity  shouM  be  regulated 
by  the  adjustment  of  the  resonator,  or  by  means  of  BissMi's 
regulating  electrode.  The  first  application  should  be  a  very 
moderate  one.  Five  days  afterwards  a  second  application 
may  be  given,  the  intensity  being  increased  if  ihe  reaction 
has  not  been  siifTtcient.  It  must  not  he  forgotten  that  the 
aberrant  form  is  centrifugal.  i.e..  that  the  affected  area  has 
a  tendency  to  heal  at  tlic  centre,  while  spreading  at  the 
periphery.  In  treating  it.  therefore,  we  sliould  always  pass 
beyond  the  limits  of  the  affected  area.  The  seances  may  be 
repeated  once,  twice,  or  three  times  a  »veek,  according  to  the 
tolerance  of  the  patient  and  the  intensity  of  Ilic  reactions. 
When  the  reaction  is  violent,  we  may  be  compelled  to  wait 
for  a  couple  of  weeks  to  allow  it  to  subside.  This  does  not 
in  any  way  interfere  with  the  treatment.  The  duration  of 
KirradiatioR  of  each  patch  should  be  from  on«  to  three 
"minutes. 

The  result  of  high  frequency  treatment  is  intense  redness. 
This  is  of  good  augury,  as  it  is  an  index  ot  the  intensity  of 
the  reaction.  The  affected  area  becomes  covered  by  a  thin 
crtist,  which  soon  falh  oIT,  leaving  a  shining  and  red 
surface.  The  crust  reforms  again  and  again,  till  finally  tlic 
diseased  tissue  is  replaced  by  a  healthy  surface.  As  the 
cure  approaclies.  m-w  cnists  nn  longer  appear,  and  there 
is  only  a  desiccation  of  the  affected  area.  The  intensity 
and  frequency  of  ihc  seances  may  then  be  diminished.  From 
25  to  70  applications  are  required,  (Brocq.  Bhsirii,  Jae- 
quol.) 

482.  Tuberculous  Lupus. — The  lesion  of  lupus  con- 
sists of  tubercles  or  small  miliary  nodules  of  the  she  of  a 
pin's  head.    These  may  be  agglomerated  together  or  dis- 
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scminated,  sometimes  olccrating,  and  sometimes  formiog 
cicatricial  aspects  of  the  disease.  The  tubercles  do  not 
usually  project  mttch  above  the  surface  of  tlic  skin.  They 
may  be  easily  seen  on  pressing  down  ttie  surface  with  a  glasi 
spatuta,  and  may  then  be  recognised  by  their  colour,  wbicb 
is  that  of  barlc>'-sugar.  WTicn  it  is  considered  how  deepty 
the  tubercles  penetrate  into  the  subdermic  tissue,  it  may 
easily  be  understood  how  difficult  it  was  to  treat  lupus  be 
fore  the  discovery-  of  radiotherapy.  Ablation,  curetting  and 
caustics  often  leave  behind  cicatrices  as  disfiguring  as  tbc 
original  lesion.  Surgical  interference,  moreover,  does  tuX 
guard  against  complications  or  rccurrciKcs.  At  the  prcscni 
time  we  seldom  have  recourse  to  these  methods  of  treat- 
ment 

Eltclro-lherapeutics  and  radio-therapeiiiks. — Galvano- 
cauterisation  is  rarely  required.  By  plunging  the  point  of  i 
galvan0'cauter>'  into  the  diseased  tissue  we  may  give  rise 
to  violent  reaction,  and  produce  cicatrisation,  but  it  docs  net 
set  equally  on  all  tbc  diseased  tissues,  a  reproach  which  may 
also  be  brought  against  tlic  treatment  by  scarification.  It 
is,  moreover,  painful  and  tedious.  At  the  present  day  we 
have  at  our  <li.spntial  two  modes  of  treatment,  vit.,  the  Finsen 
light  and  the  X-rays,  each  of  which  is  vastly  superior  to 
cauterisation. 

\Vc  may,  therefore,  proceed  at  once  to  treat  a  case  of 
lupus  by  one  or  other  of  these  means.  The  only  other  model 
of  treatment  at  all  comparable  arc  scarification  and  galrano- 
cauterj'.  Ablation  should  i>c  reserved  for  those  cases  where 
the  lesions  are  stnall,  in  an  early  stage  of  evolution,  and  sit- 
uated in  regions  where  the  cicatrix  will  not  cause  disE^re- 
ment. 

a.  Phototherapy. — This  may  be  applied  by  means  of 
Tinscn's  apparatus,  or  any  of  the  more  modem  lamps.  Wc 
can  especially  recommend  Marit't  installation  (231)  on  ac- 


count  of  (he  case  with  wtiicti  ii  is  applied,  and  ihc  firm 
pressure  which  it  enables  us  to  exercise  during  the  whole 
period  of  exposure.  Lortet  and  GeHOud's  apparatus  has  also 
given  cxcellenl  results  in  the  hands  of  many  experimenters, 

(among  Ihem  Leredde  and  Paulrier.     (230.) 
The  incandescent  lamp  is  not  particularly  adapted  for 
phototherapy,  at  the  violet  and  ultra-violet  rays  are  tlic  most 
potent  for  therapeutic  purposes.     It  would  be  interesting  to 
try  tlic  mercury  vapoiu'  lamp  of  Coopcr-fleuHt,  which  gives 
only  violet  and  ultra-violet  rays.    Tlie  negative  cffleuvc  from 
^a  static  machine  is  also  a  source  of  radiation  which  should 
^prove  useful  in  phototherapy. 

With  Marie's  or  Lortct  and  Cenoud's  lamp,  the  duration 
of  the  seances  should  be  from  30  or  30  minutes  up  to  an 
hour.    With  die  Finsen  light  it  must  be  at  least  an  hour. 

■Phenomena  of  reaction  .wi  in  from  12  to  48  hours  after  ex< 
posure.  Tliesc  consist  of  redness,  swelling,  cedcma,  with 
KTOus  discharge  and  the  formation  of  crusts.  This  reaction, 
which  lasts  about  8  days,  is  necessary  and  is  of  good  augury. 
The  length  of  the  interval  before  the  appearance  of  reaction 
is  in  general  proportional  to  the  length  of  the  exposure. 

(Phototherapy  acts  by  setting  up  3  sclerogenous  process 
in  tile  skin.    Tliis  fibro-sclerous  tissue  is  developed  wiUi 
fireat  r^^Iarity  and  uniformity,  and  not  in  isolated  foci,  as 
after  scarification  or  galvano-cautcry. 
^     An  exposure  may  be  given  once  a  week  on  each  patch  of 
^lupus. 

The  skin  should  be  carefully  treated  during  the  period  of 
reaction.  For  the  first  few  days  we  may  apply  an  ointment 
consisting  of 

Laaoline lOgnmmex 

Vaseline SSrimmcs 

I.iqaor  calcis to  ijEfamm«s 

When  there  is  a  discharge,  wc  must  be  on  our  guard 
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a^nst  infeclioo,  crystpelu,  etc.  The  tJcin  should  be  washed 
with  boiled  water  or  t  three  per  cent  solution  of  t>oiu. 
When  the  crusts  have  fallen  off  we  may  diminish  eoogcs- 
Uon  and  prevent  the  formation  of  Dew  crusts  by  applying 
an  ointment  composed  of: 

Oxide  of  Zinc 1 

Vasclin« J 

These  crusts  should  be  removed  before  each  seance.  TKt 
should  be  done  by  moist  applications  or  by  washing  with 
soft  soap.  Any  previous  treatment  by  scraping  or  otbcr* 
wise  interferes  w-ith  the  successful  result,  probably  by  the 
formation  of  trails  of  cicatricial  tissue. 

b.  Rontgen'iherapy. — Since  the  early  obseri-ations  of 
Kiimmen,  Schiff  and  Freund,  a  large  number  of  successful 
results  have  been  published.  The  tcdiniquc  of  the  pro- 
cedure is  not  as  %-et  established  with  any  certainty.  It  is 
only  of  late  that  vn  have  been  able  to  measure  the  dose  of 
this  new  therapeutic  agency,  even  approximately,  by  meani 
of  BfHoisfs  radiochromometer  and  Holsknechft  chromora- 
dioracter.  Moreover,  the  skin  affected  with  hipus  does  not 
always  react  in  the  same  manncij,  and  we  have  not  as  yet 
suflkicnt  data  to  enable  us  to  choose  between  the  various 
modes  of  treatment  recoinniended. 

Schiff,  A.  Schonbcrg,  Hahn,  Kiimmel,  WiiHam.t,  Ondrn 
and  others  sedulously  avoid  all  dermatitis,  giving  short  ex- 
posures two  or  three  limes  a  week.  Ollwr  observers  give  ex- 
posures at  longer  intervals  and  endeavour  to  set  up  the  first 
degree  of  radio-dermatitis.  .According  to  Bftot,  a  dose  of 
4  H  or  5  H  of  No.  5  rays  will  produce  erythema  and  swell- 
ing of  the  lupoid  tissue,  while  8  >I  or  9  M  will  produce 
superficial  ulceration.  Other  practitioners  do  not  hesitate  to 
Set  up  intense  radiodennatitis  so  as  to  produce  supei£cnl 
necrosis  (Lion,  Sckolls). 
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The  following  is  the  technique  cinployed  by  Oitdin:  He 
uses  a  motleralely  turd  focus  tube,  with  »n  equivalent  spark- 
gap  of  about  lo  centimetres.  The  healthy  skin  is  shielded 
by  a  lead  mask  whicli  should  be  earthed.  The  anttcathode 
is  placed  at  a  distance  of  io  centimetres  from  the  skin.  The 
current  in  the  primary  is  4  amperes  and  16  volts,  with  15 
interruptions  per  second,  lie  Rives  an  exposure  every  day, 
beginning  with  one  minute  and  increasing  the  duration  by 
half  a  minute  every  day.  Now  and  again  he  allows  a  week's 
interval,  in  order  to  judge  the  effects,  and  gttard  against 
radiudeniiatitis. 

My  own  conclusions  are  as  follows:  In  cases  where 
phototherapy  has  not  been  successful,  or  where  it  is  not 
available,  Runtgen-therapy  should  be  employed.  This  has 
some  drawbacks,  such  as  the  danger  of  radio-dermatitis, 
but  it  has  also  great  advantages  in  the  wider  area  of  its 
action,  its  painlessness,  the  greater  facility  of  its  applica- 
tion, ar>d  the  abseitce  of  any  necessity  for  compression. 

In  the  opinion  of  Lancashire,  we  should  have  recourse  to 
radiotherapy  in  all  cases  of  extensive  lupus,  or  of  lupus  af- 
fecting the  mucous  membrane. 

As  regards  the  mode  of  operation,  I  would  recommend 
the  use  of  rays  of  No.  5  or  No.  6  on  Ben^tst's  scale,  with  ex- 
posures repeated  two  or  three  times  a  week,  avoiding  any 
reaction  greater  than  a  stiiK'rIicial  en,-thema. 

For  all  treatment  of  skin  disease,  except  epilation,  I  be- 
lieve this  to  be  a  better  mode  of  treatment  than  more  in- 
tense exposures  at  longer  intervals.  In  studying  l!ie 
injurious  effects  of  tlic  X-rays,  we  arc  mrt  by  the  fact  tliat 
frequently  repeated  exposures  with  small  doses  produce  a 
far  more  profound  modiikatioR  of  the  cell  tissue  than  does 
a  tcmporarj-  dermatitis  followed  by  cicatrisation.  Moreover, 
as  long  as  the  dosage  of  the  X-rays  is  in  so  unsatisfactory 
a  state,  we  should  proceed  with  the  greatest  caution. 
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Radium-lhera^y.^-The  thesis  of  Blandamour,  publishtd 
in  Parts  in  1902,  conuins  some  interesting  information  on 
this  subject,  obuincd  in  the  wards  under  Danlos.  He  larf 
specimens  of  raditun  of  which  the  radio<activity  was  fnxa 
5,000  to  19,000  times  that  of  uranium.  The  total  duraliica 
of  exposure  varied  from  24  to  48  hours.  \Vc  have  not  m 
)■«  had  sufficient  experience  of  lliis  therapeutic  agent  to  bt 
able  to  give  precise  rules  (or  its  application. 

483. — Acne. — Under  the  term  acne  we  group  all  tbe 
various  lesions  of  ilic  pilo-sebaceous  system.  This  indodei 
acne  acuuiinata  witli  comedones,  acne  rosacea,  and  hyp«- 
trophic  acne,  which  is  the  ultimate  form  or  acne  rosacea-  ta 
all  forms  of  acne,  and  particularly  in  the  acne  simplex  of  }Nib- 
erty,  the  X-rays  give  remarkably  good  results.  This  is  testi- 
fied by  Cautier  in  1897.  by  UUmann,  Schiff  and  FrcwU, 
Scfiolts.  Pusey  and  others.  The  X-ra)S  act  as  an  irritant, or 
more  probably  by  producing  atrophy  of  the  sebaceous  glands. 

484.  Acne  Rosacea. — This  disease  presents  different 
aspects.  In  some  instances  there  is  merely  dilatation  of  the 
capillary  vessels  and  telangiectases.  In  other  cases  (he  in- 
flammatory and  seborrheic  symptoms  are  more  noticeable, 
while  in  hypertrophic  acne  the  inflammatory  symptoms  have 
gone  on  to  the  production  of  a  true  hypertrophy  of  the  skia. 
(485.) 

Eleclrotysu. — When  there  are  numerous  dilated  prooii- 
nent  vessels  or  telangiectases,  tbe  case  is  best  treated  b>' 
electrolysis.  The  tcclinitjuc  is  described  by  Brocq.  An 
electrolytic  needle  cotmectcd  to  the  negative  pole  of  a  gal- 
vanic battcrj-  is  introduced  into  the  Ekin  paraUel  to  the  ves- 
sel. The  bipolar  metliod  with  a  current  of  1  to  5  milfi- 
ampcres  may  also  be  used,  as  described  for  rarvi  in  par.  4^. 
In  this  way  we  are  ahle  to  cure  the  worst  eases  of  td- 
angicciases  in  a  few  sittings.    I'ailicar  advocates  a  particu- 
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lar  method  of  electrolysis  combined  witb  scarlGcationt  the 
Hades  of  the  scarificator  being  connected  lo  llic  negative 
pole'. 

X-rays. — Radiotherapy  appears  clcstin«<l  to  render  val- 
uable services  in  the  treatment  oi  acne  rosacea.  In  this,  as 
for  all  radiotlierapeutic  treatment',  the  focus  tube  should 
be  enclosed  in  a  lead  lined  box.  The  orifice  of  the  localiscr 
should  be  large  enough  for  the  cone  of  rays  to  include  the 
whole  of  the  affected  area  when  placed  at  a  distance  of  30 
centimetres  from  the  aniicatliodc.  The  sound  skin  should 
be  protected  by  thin  sheets  of  lead,  in  which  an  ai>erture  is 
made  corresponding  to  the  lesion.  The  anticathode  should 
be  placed  30  ccniinietrcs  from  the  skin.  An  exposure  of  5 
or  6  minutes  may  be  given  cvcrj-  day  or  every  other  day, 
with  ra)S  of  penetration  N'o.  5  on  BeHOist'i  scale.  After  the 
sixth  seance  "the  skin  desquamates  slightly,  the  acne  rosacea 
becomes  paler,  and  the  vessels  become  less  visible.  Wliite 
streaks  appear  in  the  affected  area  and  the  tissues  become 
gradually  paler."     (^Larat  and  Gautier.) 

High'frequency. — Tliis  may  be  applied  in  Ihe  same  way 
as  for  lupus  erythematosus.  It  often  rivcs  most  excellent 
results.  (Oudin.)  Guilhs  has  also  successfully  employed 
(he  aigrette  with  small  sixarks.  Static  electricity  does  not  ap- 
pear to  be  so  efficacious. 

Phototherapy. — Fituen  applied  this  method  for  the  Cure 
of  acne  rosacea;  it  has  also  given  excellent  results  in  the 
hands  of  Leredde.  He  considers  it  to  be  the  treatment  par 
excellence  for  chronic  cases,  and  has  had  no  instance  of 
failure  in  a  series  of  nine  cases  which  he  has  treated.  The 
same  technique  may  be  employed  as  in  eases  of  lupus. 

485,    Hjrpertrophic       Acne  —  Rhinophytna.  —  Hypcr- 

■Vulicar.  InlematioBal  cenxiMS  of  ElectroloKT  ?<">  Radiology, 
Paris,  190a,  p.  foi. 

*ntlr>i.  Railiothersoy  in  iSaa  disease*.  Dcsa^Uoo  of  hit 
localiser.    {Htbman,  1005.) 
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truphic  acne  is  frequently  the  ultimate  plias«  of  acne  rosaces. 
lUt  usiisl  sent  is  lti«  nu6e.  which  presents  characteristic  bosses 
with  small  crater-like  ilepressions  in  the  centre,  shewing  the 
position  of  the  sebaceous  follicles. 

1  f  h)'i>crlTx>pliic  acne  is  accompatiicd  by  telat^cctascs,  tlicy 
may  be  treated  by  electrolysis.  If  tliey  arc  accompanied  by 
comedones,  wc  may  use  the  same  treatment  as  for  acne 
punctata. 

The  most  difficult  point  is  the  glandular  and  fibrous 
hyjtcrtropliy.  Gbndular  h>-pcrtrophy  may  be  treated  by 
electrolysis,  after  the  Icctmique  cmijloyed  for  comedones  and 
acne  punctata.  (486.)  The  intensity  is  regulated  by  tlie 
volume  of  the  gland.  The  hvjjeTplasia  of  the  fibrous  tissue 
may  be  treated  by  galvano-caiiterisation  or  by  clectrolynis. 
A  negative  needle  ^lould  be  used,  with  a  current  of  5  to  6 
milliamperes,  for  8  to  15  stconils, 

486.  Acne  punctata — Comedones. — ^This  is  seen 
chiefly  on  the  alx  of  the  nose,  the  forehead  and  the  temples. 
It  consists  of  a  number  of  black  points,  formed  by  sebace- 
ous  secretion  of  the  glands. 

Electric  treatment  may  be  necessary  ui  severe  cases  whidi 
do  not  yield  to  the  ordinary  treatment  of  removal  of  the 
comedones  by  pressure. 

The  point  of  the  electrolytic  needle  is  introduced  into  tlie 
glandular  orifice,  where  the  comedo  is  situated,  and  a  cur- 
rent of  2  to  3  niilliampcrcs  is  passed  for  a  few  second*.  The 
comedo  is  thus  evacuated,  and  tlie  gland  undergoes  fibro- 
cieatricial  transformation. 

The  X-rays  have  also  been  employed  with  success  in  ttiis 
affection. 

487.  Non-va»cular  Naevi. — Vascular  na:vi  hav«  been 
studied  in  a  previous  chapter  (par.  428).  We  shall  treat 
here  only  of  non-vascular  njevi.  which  may  be  smooth, 
hypertrophic,  or  covered  with  hair. 
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The  kairy  turtms  may  be  treated  by  electrolysis  as  do- 
scribcd  under  hypertrichosis.  When  the  hairs  have  been 
destroyed,  the  base  speedily  diMippears,  and  the  na:vus  is 
flattened.    A  slight  degree  of  [ligmeiilalion  remains, 

Hypeflrophic  ntrvus  may  also  be  treated  by  electrolysis  by 
passing  a  negative  electrolytic  needle  through  its  base.  A 
current  of  2  to  3  milliampcrcs  is  then  passed  until  the 
needle  becomes  loose.  Two  or  three  repetitions  are  suf- 
6cient  for  small  nxvi.  In  large  nxvi  a  series  of  parallel  ptinc- 
lurcs  is  made  5  mm.  apart,  followed  by  a  second  scries  at 

»  right  angles  to  the  first.  A  lotion  of  camphorated  spirit 
should  be  applied  after  each  apptication.  Brocq,  whose 
mode  of  procedure  i*  here  described,  leaves  tlie  wound  ex- 
posed  to  the  air,  and  has  never  liad  any  accidental  compli- 

■  catkn. 

The  naevns  h  temporarily  increased  in  size,  but  speedily 
shrinks  up  complctclj'.  Braeq  considers  galvano-cauterisa- 
tion  to  he  the  best  means  of  treatment.  For  naivi  of  con- 
siderable size  he  advise*  removal  by  surgical  means. 

Smooth  pigmentary  nirx'i  arc  not  much  hcncfited  by  treat- 
ment, electrolysis  having  but  little  effect  on  pigmentation. 

B  488.  Sycosis.— The  best  treatment  of  this  affection  is 
™  high  frequency  cflleuves  and  sparking.  \Vc  have,  liowever, 
at  present  no  adequate  statistics  on  the  subject.  In  two 
cases  of  obstinate  sycosis  of  the  upper  lip,  Leredde  and 
Pautrier  obtained  good  results  by  phototherapy.  Preund  and 
S(hiff  have  had  equally  good  results  with  the  X-rays'. 
When  there  arc  purulent  pockets  with  deep  infiltration,  radio- 
therapy is  useless  and  even  dangerous,  on  account  of  the 
facility  with  which  radto-dermatitis  occurs  in  diseased  tis- 
sues. Rays  of  penetration  No.  5  should  be  employed,  with 
B  doses  of  3  H  to  5  li,  according  to  the  region  affected'. 

H      >  Freund  ai»l  SchifT.    Semainc  Mfdicalc.  June  7.  iSw 

■  .>6elot.     Radiotherapy  in  Skin  Oiseasu.    {RtbmaK,  1905.) 
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Brotq  reoomiDends  galvamxauteriiuition.  The  snuU 
pustules  should  be  opened  as  ihey  make  their  appt^rance, 
using  a  fbie  galvano-cautcr>'  point  for  the  purpose 

489.  Cicatricial  Tissue  —  Keloid.  —  There  are  three 
ways  of  treating  keloitl— electrolysis  (Hardaway  and 
Brocfj),  sparks  from  a  static  machine  and  X-rays.  The 
latter  are  especially  indicated  on  account  of  thdr  resolvent 
action  on  cicatricial  tissue. 

DtrviUe  gives  the  preference  to  stalk  sparks,  while  many 
authors  agree  with  HardatMty  and  Brocq  in  rccommendtng 
electrolysis. 

Eleclrolyxis.—The  following  is  Brocq's  technique  for  the 
electrolysis  of  keloid.  After  estimating  tlie  thickness  of  the 
tuinoiir,  a  brad  of  sealing-wax  is  placed  on  the  needle,  so  3* 
to  prevent  it  penetrating  beyond  the  proper  depth.  An  in- 
different anode  is  placed  041  any  part  of  the  body,  and  Ux 
needle,  connected  to  the  negative  pole,  is  plunged  into  the 
tumour.  The  current  is  then  turned  on,  being  gradually  in- 
creased to  6  milliamperes  and  kept  at  tliis  point  for  8  to  15 
seconds.  "A  few  moments  after  the  current  begins  to  pass, 
the  needle  becomes  surrounded  by  a  tiny  white  area.  A 
disintegration  of  the  tissues  ensues,  and  white  or  yellowisii 
rays  seem  to  radiate  from  Ilie  needle.  W'hen  tliesc  rays  have 
grown  to  a  length  of  4  mm.  or  5  mm.  the  needle  will  be  fell 
to  move  freely  in  the  tissue.  At  this  stage  llie  current 
should  be  stopped.  A  fresh  puncture  may  then  be  made  at 
such  3  distance  from  the  first  that  the  bleached  area  around 
each  will  touch.  The  whole  surface  of  the  keloid  is  treated 
in  the  same  manner,  so  as  to  completely  cover  it  with  the 
white  spots.  It  is  then  covered  by  a  plaster  of  chr>'sophanic 
acid,  or  one  of  the  many  plasters  which  have  been  found 
useful  in  the  treatment  of  keloid*. 

*  Brocq.    TrtilciDcnt  iks  dcrmatotM,  p.  203. 
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Brocq  objects  to  the  use  of  iniiltiple  nevdles  in  the  »anie 
handle,  since  it  is  difficult  to  act  wttli  precision. 

The  scaocc  may  be  repeated  every  week,  with  a  continu- 
ance of  the  treatment  until  there  is  a  regression  of  the 
lesion. 

The  result  is  not  so  much  a  disappearance  of  the  keloid,  as 
an  arrest  of  its  development,  followed  by  retraction. 

When  tlie  electrolytic  action  is  exhausted,  Brocq  recom- 
mends the  completion  of  the  treatment  by  means  of  linear 
scarification,  together  with  mercurial  and  chrysophanic 
plasters. 

Radiotherapy. — The  first  successful  ciise  was  reported  by 
Herscheli  Harris.  Later  on  cases  were  reported  by  Barney, 
Fordyce,  Fox,  Varnty.  WiHiams,  Taylor,  B IssMf  a.n<i  Belot. 
Behl  obtained  a  complete  cure  with  six  exposures  of  7  H, 
dtu-ing  a  period  of  $  months. 

One  may  either  give  mauive  doses  of  5  H  to  7  H  every 
fortnight  or  three  weeks,  or  give  a  short  seance  every  two 
or  three  days,  with  a  total  dose  of  10  H  in  the  course  of  a 
month. 

The  treatment  of  sclerous  and  cicatricial  tissue  is  the  same 
as  that  for  keloid.  Leduc  of  Nantes  pointed  out  the  action 
of  the  continuous  current  in  the  reduction  of  cicatrices  of 
the  skin  and  subcutaneous  tissue.  In  this  manner  he  was 
able  to  cure  disfiguring  cicatrices  which  had  resisted  every 
other  mode  of  treatment.  The  indifferent  anode  is  placed 
on  tlie  back  and  a  cathode  of  appropriate  form  is  applied 
to  the  cicatrix.  A  current  of  15  to  25  milliampcres  is  passed 
for  15  minutes,  and  this  may  be  repeated  every  two  or  tlirec 
days.  According  to  Leduc.  there  is  an  advantage  in  moist- 
ening the  electrode  with  a  solution  of  salt,  probably  on  ac- 
count of  the  N'a  ion  being  carried  into  the  skin. 

490.     Xanthoma. — ^This  affection  consists  of  yellowish 

'Williamt.    The  Romsen  Ray  >■>  Medicine  and  Surgery. 
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patches,  flat  or  slightly  raiseO.  wliich  occur  on  different 
parts  of  tlic  body.  Xanthclastiia  of  Ih«  eyetids  i&  a  \-anei; 
of  this  disorder-  Tliis  may  l>c  treated  with  negative  el«- 
tro))-sis  in  the  same  way  as  keloid.  Border  has  obtained 
successful  resuhs.  without  any  recurrence.     (Par.  547.) 

491.  ^helidcs. — Tltesc  are  greyish  or  brown  spots  of 
abnormal  pigmcnlaliun  due  to  the  action  of  sun-ljglit.  The 
rational  trcatntcnt  would  be  to  keep  tlie  patient  in  dark- 
neM.  While  this  might  be  possible  in  a  severe  disease,  such 
as  variola,  it  is  not  so  for  slight  disfigurement  caused  b>' 
freckles,  which  improve  and  frequently  disappear  during 
the  winter. 

\Vc  are,  however,  not  entirely  without  resource  in  the 
treatment  of  this  affection.  Pigmentation  is  produced  lif 
exposure  to  light.  In  all  animals,  it  is  the  dorsal  surface 
thai  whidi  is  more  exposed  lo  the  light,  which  is  the  deeper 
in  colour.  In  general  wc  must  regard  pigmentation  then 
as  a  incan$  of  defence  of  the  organism  against  the  luminoos 
rays,  and  more  especially  tlie  chemical  ray»  of  the  spectrum. 
This  is  easily  understood,  for  the  rays  arc  absorbed  b>- 
pigment,  while  the  while  skin  allows  them  to  penetrate 
more  deeply.  For  example,  a  child  who  ts  once  burnt  by 
the  sun  at  the  seaside  is  very  rarely  affected  again,  as  the 
pigmentation  produced  by  the  first  attack  protects  the  akin. 
A  slight  wash  of  Indian  ink  will  entirely  protect  the  dcin 
from  the  action  of  the  sun's  rays,  the  spot  under  the  paiat 
remaining  white,  while  the  surrounding  region  beoome* 
erjthcmatous  and  pigmented. 

Starting  from  the  idea  that  the  luminous  radiations  of 
long  wave  length  act  in  a  manner  opposed  to  that  of  tbc 
shorter  waves,  I  have  exposed  freckled  and  pigmented 
patients  to  the  action  of  the  red  rays. 

It  is  well  known  that  the  fogging  of  a  photographic  plate 
may  be  prevented  or  in  some  cases  removed  by  exposure  to 
a  red  light. 
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Bar  has  also  noted  that  radiodcnnatitis  is  ameliorated  by 
phototherapy  with  red  light. 
B  Although  llie  procedure  Is  not  without  effect,  it  docs  not 
prove  very  efficacious.  We  may  advise  patients  liable  to 
freckle  to  sift  out  the  higher  frctiucnctcs  of  solar  ra<liation 
as  much  as  possible  by  the  use  of  red  parasols,  veils  and 
hats,  and  to  shicl<l  the  skin  when  exposed  to  the  sun  by  one 
of  the  many  mcclianical  applications  which  absorb  the 
chemical  rays. 

kWith  regard  to  clectro-tlierapeutic  intervention,  we  may 
remember  that  vaso-dilatation  is  nUo  a  mode  of  protection 
of  the  skin  against  the  actinic  rays.  The  role  of  vaso- 
dilatation in  the  formation  of  ephelidcs  is  not  well  under- 
stood. High  frequency  may  perhaps  prove  of  use  m  this 
affection. 

492.  Scleroderma. — This  is  an  affection  of  tropho- 
neurotic origin,  characterised  by  an  induration  of  the  skin, 
[ollowrd  by  atrophy  of  some  of  its  element*.  It  may  be 
general  or  partial,  as  in  the  various  forms  of  inorphaa, 
scleroderma  in  patches  or  bands,  sclerodactylia.  Wlicn 
generalised  and  progressive  it  is  a  very  serious  malady,  and 
treatment  has  but  little  effect. 

The  electrical  re*i>taiKc  is  found  to  be  increased  over  the 
areas  affected,  more  especially  where  the  local  temperature 
is  lowest- 

Kither  the  galvanic  crirrent  or  frank  linisatton  may  be 
used  in  the  treatment  of  scleroderma.  I^h  methods  have 
been  followed  with  success  after  other  modes  of  treatment 
had  failed. 

Cofilinuous  current. — Erb  recommends  galvanisation  of 

the  spine  and  the  sympathetic  ganglion  in  the  neck,  after 

which  he  uses  a  negative  electric  roller  over  the  affected 

^begions.     HaUopeaa  has  used  the  same  method  with  sue- 


47S 


PA«T  tU— CttAPTSB  VII 


In  circumscribed  sclerosis,  Brocq  makes  us«  of  galvimisa- 
don  in  the  same  manner  »s  u»<t  in  the  treatment  of  keloid. 
He  u.*es  a  finlmum-iridium  needle,  witJi  a  slop  o(  scaling 
wax  fixed  at  an  appropriate  distance  from  the  point.  This 
is  connected  to  tbe  negative  pole  and  plunged  into  the 
scleroid  tissue.  Care  should  be  taken  not  to  overpass  the 
boundaries  of  the  scleroid  tissue,  or  persistent  induration 
may  l>e  Kt  up.  If  the  disease  is  superficial,  the  needle  tiay 
he  introduced  parallel  with  the  skin. 

The  indifferent  anode  may  be  placed  on  any  part  of 
the  body.  The  intensity  may  vary  from  -S  to  lo  milH- 
ampercs,  according  to  the  tolerance  of  the  patient.  When 
3  white  froth  forms  around  the  needle,  accompanied  by  a 
brownish  halo,  the  current  should  be  interrupted.  Tbe 
punctures  should  be  close  enough  for  the  wliite  cirdet 
to  toTKh  without  intersecting.  The  usual  distance  is  8  or  i3 
millimetres. 

After  the  seance,  we  may  use  a  lotion  of  camplioratol 
spirit  with  I  in  500  sublimate  solution,  after  wtiicti  Vidats 
red  plaster,  or  Vigo's  plaster  may  be  used,  changing  it  every 
24  hours.  {Brocq,  Traitc  dcs  dermatoses.)  The  seances 
may  be  repeated  every  week.  The  progress  of  the  disease  is 
tuually  arrested  after  the  second  or  third  seance. 

It  is  difficult  to  choose  between  the  methods  of  pro- 
cedure,— that  of  Erb  and  HalhpeaH.  which  consists  of  gal- 
vantsalton  of  the  spine  and  of  the  diseased  skin,  and  that  of 
Brocq,  which  consists  of  electrolysis  of  the  sclerosed  patche*. 
In  generalised  scleroderma,  Erb's  method  is  undoubtedly 
the  best. 

In  localised  scleroderma,  we  should  begin  by  Brb't 
method,  reserving  galvano-puncture  for  a  later  stage. 
Brocq  points  out  that  electrolysis  has  more  than  a  local 
action.  Patches  adjacent  to  those  under  treatment  fre- 
quently diuppear  in  conscq,ucnce  of  tlie  action  of  the  git- 
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Se  current.    It  ia,  moreover,  a  general  principle  (o  com' 
ice  treaiiTtent  by  the  more  simple  methods,  and  those 
which  are  more  cxcinpt  from  risk. 
Slatif  tUclrkity. — In  some  cases  the  static  cfScuvc  gives 

§  remarkable  results.  Boisseaa  du  Rotbcr  reports  a  case,  and 
1  myself  know  of  another,  whtdi  has  been  radically  cured  by 
static  electricity.    On  the  other  liand,  I  have  met  with  a 

»case  where  tlie  method  failed,  probably  in  consequence 
of  want  of  power  in  the  static  machine  employed. 

X-rays. — ^The  X-rays  have  also  been  employed  with  suc- 
cess in  3  case  of  scleroderma  in  patches.    No.  s  rays  were 
■employed,  in  doses  of  5  H  to  8  H,  every  three  weeks. 

493.     Warts. — BisslrU  has  obtained  excellent   results 
irom  high  frequency  currents  in  a  case  of  flat  confluent 
■warts  of  the  face.    The  best  results,  however,  are  obtained 
by  galvsno-puncture  and  electrolysis. 
The  indifferent  anode  may  be  placed  anywhere  on  the 
■ftody.   A  steel  or  platinum  needle  connected  to  the  n^ative 
pole  is  introduced  into  the  wart,  and  a  current  of  4  milH- 
amperes  is  pa$se<l.    After  a  few  seconds,  the  wart  blanches, 
and  iti  one  to  three  minutes  it  becomes  swollen  like  a  blister. 
The  current  may  then  be  interrupted.    After  each  applica- 
^^tion  the  wound  should  be  washed  with  camphorated  spirit, 
^k    Tbe  wart  becomes  brown  and  tlien  blade,  and  falls  off 
Bfrom  the  8th  to  the  I2tli  day,  without  leaving  any  scar. 
■     More  recently  the  X-rays  have  been  eniplo)'ed  in  the 
■treatment  of  warts  and  cutaneous  horns.     {Sjonsren  and 
Stderholm,  SchoU:,  VtTriay  and  Belot^.) 

Belot  reports  cases  of  flattened  warts  of  the  face  cured 

■by  a  single  exposure  of  4  H,  and  a  cutaneous  horn  of  the 

nose,  which  disappeared  after  two  exposures  with  No,  6 

raj-s.  the  first  of  10  H,  and  the  second  a  forlnight  later,  of 

3  H.    He  also  relates  cures  of  multiple  warts  in  the  hands 


■  Belot    Radiotherapy  in  skin  diseases.    {Rebman,  1905.) 
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of  diildren  disappearing  after  three  seances  of  8  H,  7  H  and 
4  H,  re&peciivel)',  with  an  interval  of  12  to  15  days  between 
the  seances. 

494.  Epithelioma  (Cancroid,  epitheleal  or  cutaneous 
cancer;  primitive  or  rodent  cancer.). — Since  the  intro- 
duction of  X-rays,  they  have  almust  entirely  replaced  gal- 
vano-punctiirc  in  the  treaimmt  of  epithelioma,  although,  ac- 
cording to  BordUr,  the  latter  method  gives  excellent  results. 
The  needle  is  thrust  into  the  tumour  parallel  to  its  greatest 
dianKtcr.  so  as  to  reach  the  healthy  tissue  on  each  side.  A 
current  of  15  millianiperca  i.*  pa.ised  for  5  to  6  minutes  awl 
the  process  is  repeated,  the  needle  being  kept  parallel  to 
the  lirst  insertion  or  at  an  angle  of  t8°  to  it. 

A  voluniinou.<i  slough  is  formed,  which  gradnally  hardens 
and  in  the  course  of  some  -A-eeks  iKCcnies  detached. 

At  the  present  time,  however,  ciitancotis  cpitlieiioma  is 
always  treated  by  the  X-rayi..  Tlie  tediniqtte  is  described  in 
the  article  on  Cancer  in  paragraph  559. 

495.  Mycosis  Fimgoides. — This  is  a  disease  of  neo- 
plastic origin,  with  some  resemblance  to  sarcoma- 
Mycosis  fungoides  usually  commences  by  patches  of  red- 
ness, which  retain  their  colour  under  pressure.  It  is  ac- 
companied by  violent  itching,  and  may  take  on  a  lichenoid 
appearance.  This  is  the  erythematous  stage,  l-ater  on  the 
Uchcnoid  patches  become  warty,  forming  small  liunours, 
accompanied  by  redness.  The  case  terminates  in  cachexia 
and  dealh,  all  medication  being  quite  useless. 

Since  the  intro<luction  of  radiotherapy  there  has  been  an 
enormoiis  advance  in  the  treatment  of  this  disease.  Seholts, 
Hyde,  Sfarsh,  Jamifson,  A.  E.  Carrier  and  MoreUe  have 
published  successful  cases.  Belot  and  Civalle*  treated  two 
cases  of  mycosis  fnngiiidcs  in  Dr.  Broeq's  clinique.  Their 
results  prove  that  the  treatment  is  able,  at  all  events,  to 
>  Belot.    SAdiotliCTapj  ta  akia  diteaset. 
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ameliorate  the  condition  of  the  patient,  and  tliat  we  may 
reasonably  hope  for  a  definite  cure  of  the  disease. 

The  following  is  the  mode  of  procedure  followed  by  Belot 
Mid  Civotte.  Rays  of  penetration  Ko.  4  or  5  were  iised  and 
each  tumour  was  irradiated  with  a  dose  of  10  H,  in  two  ex- 
posures, with  an  interval  of  34  hours.  Tlie  pruritus  was 
alleviated  all  at  once,  and  from  the  totb  to  the  30th  day 
the  tumour  began  to  diminish  in  size.  A  second  dose  was 
then  given.  L'ltimatcly  the  tumours  entirely  dUappcarcd, 
the  result  being  identical  for  each  group  of  tumours. 

The  technique  to  be  employed  will  be  more  fully  dis- 
cussed under  the  article  Sarcoma.  Scholts  did  not  obtain 
such  good  results,  although  he  set  up  a  superficial  necrosis 
of  the  tumours.  Comparison  of  methods  will  be  rendered 
possible  when  the  means  of  measurement  for  X-rays  shall 
enable  us  to  compare  the  reports  of  different  authors. 

496.  Hjrpertrichows — Epilation.— .Mlhough  not  in  it- 
self a  disease,  h}-pcrtrichosis  is  of  Rreat  interest  to  the  medi- 
cal electrician.  It  may  be  a  cause  of  great  disfigurement, 
but  more  important  is  its  effect  on  the  nervous  system  of  ihc 
patient,  being  a  subject  of  perpetual  preoccupation,  and  often 
resulting  in  melancholia  and  exclusion  from  society. 

The  question  of  inter\'cntion  is  a  diflficult  one  to  decide.  We 
have  to  take  into  consideration  both  the  degree  of  de- 
formity and  the  mental  and  nervous  condition  of  the 
patient. 

The  following  considerations  arc  the  rules  which  should 
guide  us  in  the  treatment  of  h>-pertricho3is ;  they  are  de- 
rived in  great  measure  from  the  manual  of  Dr.  Brocq. 

Indications  for  Intervention.— V^^  sliould  generally  con- 
sent to  the  request  for  intervention  when  the  h>-pertrichosis 
occurs  in  the  case  of  a  girl  or  a  young  woman,  whereas  tlie 
same  conditions  would  not  warrant  our  interference  in  older 
women.    Alter  Uic  age  of  45  wc  should  o]>entte  only  in 
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cases  of  very  great  deformity.    In  the  male,  interventioa  a 
hardly  ever  permissible. 

/it  the  case  of  a  girl  or  young  woman,  where  it  is  of  iiii> 
portance  lo  suppress  commencing  hypertricltosis,  or  prenat 
its  further  development,  we  may  proceed  as  follows; 

1.  If  the  disrigurement  consists  only  of  a  groH-th  of  down 
whidi  has  no  tendency  to  turn  into  hairs,  the  physidaa 
should  refuse  to  interfere.  \Vlten  tliese  cause  disfigurcmoil 
in  consequence  of  their  number  or  darlc  colour,  we  nay 
prescribe  drying  powders,  such  as  starch  and  salicylic  add, 
which  to  a  certain  extent  hinder  Ihe  growtli  of  down.  Or 
we  may  use  peroxide  of  hydrogen  to  bleach  the  hairs. 

Depilatories  and  caustics  of  all  sorts  should  be  absohDth 
forbidden.  Electrolysis  is  out  of  the  question  for  so  n- 
stgnificaiit  a  trouble,  and  an  increased  growth  of  hairs  in  (lie 
neighbourhood  often  follows  treatment  of  a  r^on  covend 
with  down.  \Vhen  the  growth  consists  of  strong  hairt, 
treatment  by  means  of  the  X-rays  is  indicated,  but  the  larger 
hairs  arc  more  diSicuit  to  destroy. 

Moreover,  llie  technique  is  not  as  yet  well  established,  so 
as  to  guard  against  any  .^ccident,1l  complications,  which  nay 
be  worse  than  the  original  deformity, 

2.  When  the  growth  of  down  has  a  tendency  to  becoiM 
coarser  and  to  form  hairs  on  the  face,  chest,  or  the  breasts, 
we  should  no  longer  hesitate.  Xo  time  should  be  lost,  u 
the  hairs  will  certainly  grow  stronger  and  the  ireatment 
of  hair  is  much  more  difficult  than  that  of  down.  The  roost 
certain  metliod  is  that  of  electrolysis.  The  patient  shoold, 
however,  be  warned  that  the  treatment  is  very  tedknis.  since 
all  the  down  must  be  resolutely  attacked,  and  electrolysis 
frequently  acts  as  a  stimulant  lo  the  growth  of  hair  oo 
neighbouring  parts,  so  titat  after  the  first  few  seances  an. 
increased  growth  of  hair  may  be  observed  around  the  area 
under  treatment. 
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3-  When  the  patient  exhibits  a  strong  liairy  growth  we 
must  be  guided  by  the  number  of  hairs  and  the  degree  of 
deformity.  If  the  disfigiiremcnt  i*  not  great,  wc  should 
decline  to  intervene.  If  tlic  hairs  are  sparsely  scattered  we 
niay  employ  electrolysis,  but  if  they  arc  more  thickly  set,  we 
should  have  recourse  to  the  X-rays. 

In  women  over  45  we  should,  if  possible,  avoid  intcn-cn- 
tion.  In  the  case  of  male  patients  wc  should  refuse  to  in- 
terfere unless  there  is  some  affection  of  the  skin  demanding 
epilation,  or  in  exceptional  cases  of  growth  of  hair  on  the 
dorsum  of  the  nose  or  between  the  eyebrows.  We  should 
not  accede  to  the  request  sometimes  made  to  us  to  destroy 
hairs  growing  too  low  on  the  forehead,  or  on  the  cheek 
bones,  the  neck  or  cars. 

Techniqut. — 1.  Electrolysis  by  means  of  the  conUnuoHS 
currtnt.  This  was  first  employed  by  Michel  of  St.  Louis,  in 
1875,  followed  by  Hordaivcty  in  America,  and  Baratoux  in 
France,  in  1886,  and  later  by  Brocq. 

An  indifferent  anode  is  placed  on  any  part  of  the  body, 
usually  the  hand.  A  needle  connected  to  the  negative  pole 
is  introduced  along  the  hair  follicle,  taking  care  to  keep 
parallel  to  the  direction  of  the  hair.  The  needle  is  held  be- 
tween (he  thumb  and  the  forefinger,  with  the  little  finger 
resHng  on  tlie  skin.  The  catheterisation  of  the  hair  follicle 
is  easy,  the  needle  being  passed  onwards  until  resistance  is 
met  with,  when  (he  airrcnt  is  turned  on. 
I  All  the  necessary  apparatus  should  be  dose  to  Hte  patient ; 
a  *mall  portable  table  mounted  on  wheels  is  most  convenient. 
The  choice  of  the  needle  is  most  important.  Brocq  recom- 
mends ooe  made  of  gold  or  ptatino-iridium,  30  millimetres 
long,  fixed  in  a  cylindrical  handle.  Broeq's  needle  is  curved 
to  an  angle  of  45*,  the  beml  being  6  millimetres  from  the 
point.  The  curve  bcilitates  (be  introduction  of  the  needle 
and  the  bend  serves  as  a  pmnt  to  indicate  the  depth  to  which 
the  needle  has  penetrated. 
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The  point  of  the  needle  should  l>c  blunt,  so  as  to  obviate 
th«  danger  of  making  a  faLsc  passage  during  the  catheteriu- 
tioii  of  the  pilary  canal. 

As  soon  as  wc  encounter  tlie  resistance  which  shews  that 
the  point  of  the  nocdic  has  reached  the  end  of  the  infundi* 
bulum.  tlic  current  is  tunicd  on,  and  the  point  of  the  needle  is 
^ntly  moved  so  as  to  bring  it  in  contact  with  the  papilla  and 
IKiss  beyond  it  for  a  distance  of  one  millimetre.    (Fig.  75.) 

f  P. 
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A,  Needle  M  its  (oithcsl  point 
of  inttoductioii. 

P.  Hair, 

E.  Eoi dermis, 
Gis  Scbaccoiii  Klands. 
R,  Root  of  hair. 

F.  Hair   fntiiclc 

B,  Hair  bulb. 
Pap.  Papilla. 

Fir.  79- 

By  proceeding  in  this  manner,  and  keeping  parallel  to  the 
hair,  the  needle  passes  alon^  in  the  direction  of  the  hair 
without  resistance,  and  if  a  false  passage  Is  made,  one  feels 
it  instantly.  On  the  contrary,  when  the  airrent  is  turned  on 
before  the  introduction  of  the  needle,  it  is  easy  to  penetrate 
the  dermis  and  make  a  false  passage  without  feeling  any 
Kn«c  of  resistance. 
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It  is  diflicult  to  determine  exactly  the  length  of  time  tlie 
current  should  be  turned  on,  in  order  to  comE^ete  the  de- 
struction o£  the  hair  papilla. 

We  know  when  th«  papiila  is  destroyed,  by  the  hair 
yielding  to  slight  traction.  Occasionally,  however,  the  hair 
docs  not  come  out  easily  until  sumc  ii-n  mitiutcs  after  tlic 
ilcctrolysis,  and  yet  the  current  has  been  of  sufficient  dura- 
tion and  intensity  to  completely  destroy  the  papilla.  The 
guiding  sign  is  the  appearance  of  froth  and  of  a  very  char- 
acteristic brown  halo  round  llie  crihce  of  ihc  liair  follicle. 
On  the  appearance  of  froth,  the  current  sliould  be  allowed 
to  pass  for  a  few  seconds  lunger  and  then  stopped. 

The  following  arc  Brocq's  values  for  the  duration  and 
intensity  of  the  current : 

For  fine  down,  I  milliampcre  for  5  to  10  seconds. 

For  a  hair  of  moderate  size,  2  to  3  milliamperes  for  5  to 
10  seconds. 

For  a  coarse  Iiair,  4  to  5  milliamperes  for  to  to  20 
seconds. 

.'Vfter  the  operation,  each  puncture  is  followed  by  the 
appearance  of  a  small,  clear  vesicle,  and  the  ^in  becomes 
somewhat  tumefied.  Brocq  recommends  that  this  should 
be  touched  with  campliorated  spirit  nighi  and  morning  till 
cicatrisation  is  complete.  Small  crusts  arc  formed,  which 
soon  fall  off,  leaving  reddish  spot«  which  gradually  dis- 
appear. 

With  nervous  patients,  the  question  of  rendering  the  skin 
insensible  may  arise.  For  this  purpose  we  may  liave  re- 
source to  freezing  with  chloride  of  ethyl,  to  the  injection  of 
cocaine,  or  to  the  direct  application  of  high  frequency  cur- 
rents. The  following  is  llie  order  of  sensibility  of  different 
regions  under  epilation.  Tlie  centre  of  the  upper  lip.  the 
edges  of  the  eyelids,  the  lower  lip,  the  neck,  the  lateral  part 
of  the  upper  lip  and  the  nipples.  The  susceptibility  varies 
in  different  individuals. 
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Accidental  complications  somcumcs  occur.  On  the 
ticctllc  being  withdrawn,  a  drop  of  blood  may  appear,  or 
there  may  be  small  sulxlermic  liaeniorrliages. 

If  th«  currents  have  been  too  prolonged  and  intense,  some 
inflammation  may  eosue.  In  this  case  a  starch  poultice 
should  Ijc  applied. 

The  most  disagreeable  contretemps  is  the  formation  of  a 
cicatrix,  in  the  form  of  a  white  point  or  depression,  or  even 
a  slight  ulceration.  A  faulty  technique  may  cause  severe 
cicatrisation  or  even  the  foniiation  of  cheloid. 

Scarring  may  be  avoided  by  not  operating  on  a  number  of 
hairs  in  close  proximity  at  one  sitting,  and  by  reducing  as 
far  as  possible  the  intensity  and  the  time  of  trcatnMnt  for 
each  hair.  In  a  seance  o£  20  to  35  minutes,  we  should  not 
operate  on  more  tlian  30  to  40  coarse  hairs,  35  to  60  of 
medium  strength,  or  50  to  loo  Rnc  downy  hairs,  (droff.) 
A  seance  may  be  given  every  other  day,  every  day  or  even 
twice  a  day,  but  we  should  never  operate  on  two  neighbouring 
hairs  at  a  less  interval  than  forty-eight  hours. 

Of  the  hairs  treated,  w«  may  estimate  that  10  to  ao  per 
cent  will  grow  again,  and  on  the  chin  this  may  occur  as 
many  as  four  or  five  times.  The  patient  should  be  seen  at 
iQter\-aIs  of  two  months,  far  some  time  after  the  termina- 
tion of  the  treatment  by  electrolysis. 

We  may  better  appreciate  how  serious  a  task  it  is  to  at- 
tack  a  case  of  h}'pertnchosis,  when  we  consider  that  there 
are  from  1,000  to  9.000  hairs  on  the  chin,  and  about  1,000 
on  the  upper  lip.  We  may  well  understand  that  both  patient 
and  surgeon  have  need  of  patience  and  courage.  It  is  well 
to  warn  the  patient  of  what  she  has  to  expect,  the  length 
of  the  treatment,  the  pain  of  the  operation  and  the  partial 
rcgrowth  of  the  hair.  It  is  also  well  to  remember  that  there 
wilt  not  be  any  great  change  in  the  aspect  of  tlie  face  till 
after  the  epilation  is  nearly  comp'rled. 
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2.  The  X-rays.— At  its  first  inception,  radiotherapy  was 
regarded  with  eiitliusiaf^m  as  a  new  method  of  epilation, 
Schiff  and  Freund  were  the  first  to  use  the  X-rays  as  a 
depilating  agent,  and  still  consider  it  to  be  the  treatment  par 
excellence  for  hypertriehoais,  Frtund  employs  hard  tubes, 
with  frequent  short  seances.  The  haJr  is  usually  shed  at  the 
20tli  to  the  25th  (.'xposurc.  From  six  to  eight  weeks  after- 
wards, the  hairs  begin  to  grow  again.  One  or  two  supple- 
mentary exposures  must  then  be  made  at  intervals  of  a 
month,  and  this  shotiM  be  continued  for  12  to  18  months. 
It  is  important  not  to  set  tip  any  reaction  of  the  i^in.  other 
than  epilation.  Other  authors  have  followed  the  method 
of  Schifi  and  Freund  with  good  results.  Occasionally  com- 
plications, other  than  deinatitis,  arc  met  with,  atrophy  of  the 
skin,  telangiectasis  and  pigmentation.  The  treatment  is, 
Uiereforc,  not  without  danger  and  should  be  reserved  for 
cases  in  whidi  the  disfigurement  is  considerable. 

Atrophy  of  the  hair  papilla  is  apt  to  be  followed  by 
atrophy  of  tlie  slctn.  To  produce  the  one  without  the  other 
is  a  question  of  accurate  dosage,  all  the  more  difficuh  since 
each  age,  each  region,  and  each  variety  of  skin  requires  a 
difTerent  dose.  It  should  be  reniemberctl  al)^  that  the  fine 
down  is  shed  more  easily  than  the  coarser  hairs,  and  that 
a  small  do*c  may  stimulate  the  growth.  Tliis  peculiarity 
may  be  of  service  to  us  in  the  treatment  of  alopecia,  but  it  is 
a  great  drawback  in  the  treatment  of  hypertrichosis. 

The  following  is  the  technique  formulated  by  Belot 
whilst  working  in  Dr.  Bracq's  laboratory. 

He  employs  several  series  of  seances  at  intervals  of  two 
months, 

ist  Series. — Quality,  No.  5  on  Bcnoisfs  scale.  Quantity, 
3  H  to  4  H  in  one  or  more  seances.  Distance  of  the  focus 
lube,  15  cm.  In  treating  convex  surfaces,  the  tube  should 
be  placet!  further  off  so  as  to  equalise  the  irradiation  and 
to  diminish  the  obliquit)-  of  the  rays  at  the  periphery, 
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2d  Series. — After  an  interval  of  30  or  40  days,  the  hairs 
begin  to  grow  again.  A  new  scries  of  irradiatioDS  should 
be  given,  with  a  total  do»e  of  3  H  or  4  H,  and  ra>s  of  the 
same  penetration.  As  an  after-cure,  an  exposure  of  2  H 
should  be  given  every  2  months,  and  this  should  be  continued 
for  3  period  of  two  years,  when  in  favourable  ca»es  a  com- 
plete cure  results. 

497.  l^ea  clue  to  Cryptogamic  growth. — Diseases  id 
which  total  epilation  is  required. — The  employment  of 
the  X-rays  has  produced  aii  enormous  improvement  in  the 
treatment  of  these  diseases.  Hitherto  the  treatment  of 
ringwonn  and  the  like  has  been  most  unsatisfactory,  since 
the  parasitic  growth  extends  to  the  affected  hairs  and  is, 
tlierefore,  inaccessible  to  the  action  of  external  agents. 
With  mechanical  epilation,  the  hair  breaks  at  its  weakest 
part,  and  the  development  of  the  ervptogamic  growth  con- 
tinues. 

The  technique  of  the  radiotherapeutic  treatment  of  tinea 
has  been  gradually  evolved,  thanks  to  Freund  in  1896,  Schiff 
in  1900,  Oitdin  and  Bartlifltmy,  Gaston,  Vuira  and  Nicou- 
lau,  Brocq,  Bissirii,  Belot  and  Sabouraud. 

Each  patch  of  tinea,  including  a  narrow  margin  of  sound 
skin,  should  he  framed  in  a  lead  shield,  to  protect  the  ad- 
jacent parts  from  the  action  of  the  rays. 

The  focus-tube  shouM  be  placed  at  a  distance  of  15  cm. 
from  the  scalp. 

The  X-rays  used  should  correspond  to  No.  4  or  No.  5  on 
Bntoist'i  scale. 

Tile  dose  given  should  be  from  4  H  for  a  child  to  6  H 
for  an  adult. 

The  following  is  the  course  of  the  phenomena  which  en- 
sue: About  the  7lh  day  a  slight  erj-thema  makes  its  ap- 
pearance over  the  whole  of  the  irradiated  region,  and  the 
hairs  fall  out  spontaneously  on  the  t5th  day.    Th^r  de- 
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pitation  may  be  hastened  by  daily  friction  witb  soap,  or  with 
a  solution  of  tincture  of  iodine  in  $  times  its  volume  of 
spirits  of  wine. 

When  Ihc  hair  begins  to  grow  again,  the  new  hair 
pushes  its  way  through  a  healthy  tissue.  This  is  due  to  tiie 
fact  that  the  epithelial  cells  of  ttie  old  hair  sheath  take  no 
part  in  the  formation  of  the  new  epithelial  bu<l  which  grows 
into  the  new  papilla.  The  tinea  is  completely  cured  as  soon 
as  the  new  growlti  has  taken  place,  which  occurs  in  10  to 
12  weeks  after  the  operation. 

A  certain  amount  of  staphylococcic  folliculitis  may  occur 
during  the  course  of  treatment.  This  is  supposed  to  be  due 
to  the  obliquity  of  the  X-rays  which  fall  on  the  convexity 
of  the  scalp.  It  may  in  great  measure  be  prevented  by  a 
daily  treatment  with  the  following  liniment  as  prescribed  by 
Sabouraud : 

Sulphur  Precip. is  Kramraes 

Alcohol,  qO* 15  gramme* 

Aq.  DisliC  ad 100  urammts 

498.  Favus. — Favus  is  amenable  to  radiotherapeutie 
treatment  in  the  same  way  as  ringworm.  Although  the 
hairs  in  this  disease  arc  not  so  brittle,  mechanical  epilation  is 
far  from  satisfactory.  The  walls  of  the  hair  follicle  arc 
invaded  by  the  aclwrion,  which  is  the  cause  of  the  dis- 
ease. It  is  better,  therefore,  to  inhibit  the  growth  of  the 
papilla  for  a  time. 

The  technique  for  the  treatment  of  favus  is  the  same  as 
for  that  of  tinea  tonsurans. 

49<).  Alopecia — "Pelade."  High  Frequertcy  Treatment. 
— The  true  nature  of  this  affection  is  not  as  yet  well  estab- 
lished. Borditr  was  the  first  to  demonstrate  the  admirable 
effects  of  high  frequency  on  this  disease. 

Bordier  treats  each  patch  as  follows:    Oudin's  electrode 


with  glass  handle  is  connected  to  the  extremity  of 
ri^$oti»tur.  and  the  electrode  i»  passed  over  the  surface  of 
the  afTccled  scalp  for  4  or  5  minutes,  with  ilie  result  that  an 
intense  vaso-motor  reaction  is  produced.  After  the  seance, 
there  is  some  nibefaction,  and  a  slight  crust  forms  during  the 
following  days.  After  an  interval  to  allo^^'  the  crust  to 
separate  a  second  seance  is  given,  and  this  may  be  repeated 
for  a  month  or  *ix  w(.-ek£. 

Tile  regrowth  of  liaif  is  white  at  first,  but  soon  becomes 
darker.' 

X-rays. — It  is  well  known  that  the  X-rays  in  strong  do«es 
act  as  a  depilating  agent.  In  small  doses,  however,  they  seem 
to  act  in  a  contrary  manner,  by  exciting  the  physiological 
function  of  the  papilla.  Hence  the)'  may  be  used  in  the  treat- 
ment of  "pelade"  a»d  other  alofiecias. 

They  were  used  in  this  way  by  Kiettbock  in  1900,  and 
subsequently  by  Hohkmcki. 

Belol  recommends  the  use  of  rays  corresponding  to  No. 
4  or  No.  s  on  Benoist's  scale,  with  a  dose  of  3  H  or  4  H, 
and  an  interval  of  a  fortnight  between  the  seances.  The 
dose  must  be  varied  according  to  circumstances,  and  should 
not  produce  any  reaction  above  the  first  degree. 

.•\ccording  to  Hohhifcht's  observations,  in  cases  of  alo- 
pecia, the  diseased  papilla  is  stimulated  by  the  X-rays  more 
easily  than  the  nonnal  papilla. 

It  is  difficult  to  procure  sufficient  data  for  a  correct  esti- 
mation of  the  value  of  X-rays  in  this  disease,  since,  as  is 
well  known,  many  cases  of  alopecia  areata  get  well  without 
treatment. 

Phototherapy  has  also  been  recommended  by  certain  au- 
thors in  the  treatment  of  this  disease. 

SCO,  Chilblains. — Chilblains  arc  rapidly  improved  by 
the  static  effieuvc.    {TheOle.  Doumrr  and  others.) 

>  Archives  d'£l«c(ricite  M^ale,  April  15.  i^oi- 
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I  have  also  olitained  good  results  with  the  high  frequency 
effleuve,  while  Tripi^  extols  the  faradic  current  in  the  treat- 
ment of  chilblains. 

501.  Wrinkles. — The  faradic  roller,  connected  to  a  fine 
wire  coil,  nuy  be  used  for  tJic  removal  of  wrinkles. 

Jt  acts  by  cxdting  the  vitality  of  the  dements  in  the  in- 
tegument, and  may  thus  prevent  or  even  remove  lines  and 
wrinkles  on  the  face.  According  to  Larat.  the  treatment 
may  be  continued  indefinitely,  and  as  one  of  the  ordinary 
procedures  of  the  twlet,  while  vibratory  massage  may  be  em- 
ployed at  the  same  time. 

502.  Hjrpcrhydrosis. — According  to  Putey,  axillary 
hyperhydrosis  is  ameliorated  by  radiotherapy,  probably  in 
consequence  of  the  atrophy  of  the  glands,  caused  by  tlie 
action  of  the  X-r»y».  The  dose  varies  wit!>  the  affected 
region. 

In  the  treatment  of  the  axillar>'  region.  Beht  recommends 
a  dose  of  4  H  with  rays  of  penetration  Ho.  3. 


CHAPTER   vm. 
DISEASES  DUE  TO  DEFECTS  OP  NUTRITION. 

503.  The  r51e  of  electricity  in  the  treaunent  of  the  dia- 
theus  due  to  diminished  nutrition. — Bouchard  Uiu&  ile- 
lines  tiw  (liatlicsis  which  shews  itself  at  a  certain  period  of 
life: 

"Cell  life  consists  of  the  unstabilit}-  and  mobiUt>-  of  the 
cell  contents.  There  is  a  conWanl  penetration  of  new  mat- 
ter, and  a  coiiMaiU  expulsion  of  tlie  same,  assimilatir^ 
metamorphosis,  and  clissimilating  transformation. 

"The  cell  is  a  vortex,  whose  vclodty  of  rotation  may 
vary  within  certain  limits,  but  beyond  those  limits  reduc- 
tion or  exaggeration  of  its  motion  cannot  take  place  with- 
out producing  physiological  alteration." 

The  alteration  of  nutrition  has  a  secondary  eflFect  on  the 
constitution  of  the  various  humours  of  liic  body.  Like  all 
permanent  causes,  it  produces  at  last  a  chronic  alteration 
of  the  tissues. 

Gout,  lithiasis.  obesity,  migraine,  etc.,  arc  examples  of 
pathological  states  depending  on  some  slackening  of  nutri- 
tion. 

Electrical  science  has  enriched  the  therapeutic  arsenal 
with  forces  which  I  believe  are  able  to  modify  these  dia- 
theses, and  to  obviate  their  manifestations,  if  not  to  cure  the 
disease  they  produce.  Numberless  fact*  witness  to  the 
efiicicy  of  electrotherapeutics  in  these  diseases :  experiment 
has  established  that  which  theory  had  presaged. 

It  has  long  been  known  that  change  in  environment,  or 
alteration  in  hygiene,  in  a  word,  any  modifications  of  the  ex- 
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temal  conditions  of  existence,  bring  with  tlicni  correspond- 
ing changes  in  ihc  constitution  and  in  tlic  temperament  of  all 
living  beings,  (lie  constitution  being  tlie  static  state  of  the 
individual,  the  characteristics  of  his  architecture  and  struc- 
ture, while  lemperanunt  is  the  dynamic  state,  characterising 
his  nutrition  and  functional  activity. 

Among  these  external  conditions,  there  arc  some  which 
liave  presided  over  the  genesis  of  living  beings  from  their 
origin  until  now ;  such  as  the  radiations  of  the  .solar  spec- 
trum, the  mean  temperature  of  the  air,  etc. 

Other  factors,  not  le*s  essential,  affect  the  relations  of 
the  cells  with  tlieir  interior  environment. 

The  study  of  biological  physics  has  shewn  us  some  of 
these,  tile  phenomena  of  electro-capiUarity  and  ckctn>- 
osmosis,  of  the  surface  tension  of  liquids,  of  imbibition, 
evaporation,  and  oxidation. 

The  more  we  advance  in  the  study  of  biology,  the  more 
we  become  aware  of  the  enormous  importance  of  the  role 
played  by  electricity  in  vital  phenomena,  citlicr  as  cause  or 
effect.  This  becomes  still  more  prominent  if  we  admit  with 
Mojm-ell  that  all  radiations  transmitted  by  transverse  oscil- 
lations of  the  ether  arc  in  fact  electrical  manifestations. 

We  can  readily  understand  how  any  change  in  the  normal 
conditions  of  existence  may  cause  an  enduring  perturbation 
in  the  phenomena  of  cell  life,  and  impress  on  the  dements 
of  the  tissues  a  mode  of  nutrition  and  a  habit  which  may 
not  ofUy  persist  in  the  individual,  but  be  transmitted  to  his 
descendants. 

This  alteration  may  be  of  a  tcmporar\'  character,  lasting 
only  as  long  as  the  cause  of  perturbation  persists,  or  it  may 
be  permanent,  and  thus  create  a  new  type  which  will  depend 
for  its  continued  existence  on  its  adaptability  to  the  con- 
dition of  its  environment. 

When  an  individual  is  born  with  a  constitution  and  a 
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teoipcramcDt  thus  moUiBed,  suitable  hygienic  conditions  may 
ciubte  liim  lo  jjass  Uirough  ihc  same  ssoycs  of  itevelopment 
as  his  ancestors,  and  obviate  to  a  certain  degree  the  ulterior 
manifestations  of  his  diathesis. 

The  suiubic  hygienic  conditions  are,  however,  usually  im- 
possible, since  social  conditions  as  a  rule  contribute  to  push 
the  individual  down  the  incline  caused  by  his  morbid  ante- 
cedents. 

In  such  a  case  normal  hygienic  conditions  are  no  longer 
of  avail ;  we  must  call  in  the  aid  of  some  intermittent  thera* 
peutic  procedure.  In  the  first  rank  of  these  is  electricity,  a 
force  which  plays  so  large  a  part  in  vital  pboiontcna. 

It  may  well  be  conceived  that  an  individual  who  hat  not 
received  from  his  surroundings  a  sufficient  amount  of  ex* 
temat  caerg>-  in  the  form  of  radiations,  etc.,  will,  under  the 
influence  of  intense  irradiations,  recover  a  temporary  activity 
of  his  cells  which  habit  may  finally  render  pennanent  At 
the  present  day  we  arc  in  possession  of  wide  resources  in 
this  respect.  We  can  submit  the  organism  to  the  most 
varied  radiations.  We  can  employ  waves  of  short  wave  length 
which  traverse  1h«  body  in  the  same  way  that  the  luminous 
rays  pass  tliroug:h  a  transparent  substance,  and  in  their 
transit  affect  the  deepest  as  well  as  the  most  superficial  tis- 
sues. Other  irradiations  have  a  localised  action,  more  et* 
pecially  on  the  integuments,  while  still  others  with  longer 
wave  lengths  have  an  electric  rather  than  an  optic  effect, 
if  I  may  so  express  myself,  and  affect  the  organism  by  a 
general  influence,  which  varies  with  each  phase. 

The  term  mAuence  is  somewhat  obscure,  hut  it  may  be 
easily  understood  if  we  suppose  the  wave  length  to  be  in- 
creased indefinitdy.  In  the  limiting  cas«  when  this  be- 
comes infinite  we  are  dealing  with  static  electricity. 

Current  electricity  would  also  seem  to  be  the  best  means 
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of  influencing  the  various  elcctro-^apitlBry  phenomena  u  hich 
take  place  between  the  organic  dements  of  the  tissues.  It 
is  true  that  our  nio(1e  of  electrical  application  is  a  somewhat 
rough  method  of  doing  this,  bul  practical  experience  in  Uie 
treatment  of  gout  and  obcsitj-  shews  (hat  it  is  efficacious. 

Paiisive  gymna&lics  of  .iinooth  and  striped  miiselc  arc  best 
'  carried  out  by  electric  currents  of  varying  intensity,  aided 
by  massage  or  mechanical  therapy.  By  awakening  and 
stimulating  the  sluj^psh  activity  of  the  tissues,  this  may 
aid  tlie  organism  to  resume  its  normal  functions. 

There  is  always  a  tendency  to  return  to  a  normal  state, 
and  hence  we  often  succeed  in  our  endeavours,  although  we 
^  can  only  act  blindly  by  a  rough  stimulation  of  the  organ- 
Bism. 

H     We  are,  therefore,  well  armed  against  the  diathesis  of 

H  retarded  nutrition.    Among  the  various  electrical  methods 

^f  we  must  endeavour  to  find  iIk  one  best  adapted  for  each 

case   without   being  (Iiscnur3ge<1   by   apparent   failure,  or 

deterred  by  the  scepticism  of  our  patients. 

Now  and  again  we  shall  be  rewarded  by  remarkable  suc- 
cess, shewing  that  wc  have  at  our  disposal  a  means  of  treat- 
ment whid)  will  become  more  and  more  certain  and  effi- 
cacious as  our  knowledge  of  its  action  increases. 

504.  Gout — Radio-diagnosis. — The  tophi  oonsistti^  of 
urate  of  soda  arc  transparent  to  tlie  X-rays.     The  aspect 

I  of  a  gouty  hand  contrasts  greatly  with  that  of  a  healthy  one. 
The  bones  appear  perfectly  nonnal,  with  here  and  there 
ivhtte  spots  corresponding  to  tl)c  loplii.  In  advanced  cases 
the  articulation  may  he  seen  to  be  altered  by  loss  of  osseous 
tubstanees,  especially  in  the  spongy  tissue  of  the  epiphyses. 
Eleciro-iherapeutics. — The  general  treatment  of  gout  con- 
sists in  stimulating  the  nutritive  exchanges  by  auto-induc- 
tion, or  by  continuous  currents  of  high  intensity,  or  by 
liranklinisation,  or  sinusoidal  currents. 
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Local  treatment  cooiUls  in  endeavouring  to  dissolve  the 
deposit  of  urates  by  means  of  ionisation  with  a  solution  of 
one  of  the  lilliium  salts. 

1. — General  treatment  of  gout  by  auto-conductiort, — Foe 
auto-conduction  the  patient  is  placed  in  the  middle  of  d'Ar- 
sotwafs  large  solenoid,  or  between  two  tlat  spirals.  These 
should  be  mounted  so  that  the  windings  are  in  the  same 
direction,  with  8  to  i3  turns  in  circuit,  and  the  excitation 
of  botli  spirals  should  be  homologous.  A  seance  of  so  to 
40  minutes  should  be  given  every  day  or  every  other  day 
(138). 

II. — Galvanisation  and  lomsalion  with  Lithium. — The  pa- 
tient may  be  subjected  to  galvanisation  of  high  intensity, 
which  may  be  utilised  at  the  same  time  for  local  lithium 
ionisation  {Guillaz). 

The  region  affected  witli  local  deposits  of  urate  of  soda 
is  immersed  in  a  bath  containing  a  2  per  cent  solution  of 
chloride  of  lithium,  to  which  .5  per  1000  of  caustic  lithia  is 
added. 

The  bath  is  connected  to  the  negative  pole,  while  the  in- 
different cathode  is  placed  as  far  as  possible  from  the 
affected  part,  in  order  tlut  the  current  may  traverse  a  large 
portion  of  the  body. 

Intensity,  50  to  200  railliampcres;  duration  of  seance,  30 
to  45  minutes.    One  seance  every  day. 

Guittos  has  shown  that  independently  of  the  local  action 
of  the  lithiimi,  the  continuous  current  augments  the  nutri- 
tive activity,  more  especially  with  regard  to  the  fats  and 
hydro-carbons,  as  is  proved  by  the  character  of  the  dejecta. 

Locally,  the  lithium  ion  attacks  the  deposit  of  urate  of 
soda,  transforming  this  into  the  more  soluble  urate  of 
lithium,  and  thus  breaks  down  the  tophi,  .\cule  attacks  of 
gout  arc  easily  amenable  to  treatment,  and  in  chronic  cases 
from  20  to  .^o  seances  arc  usually  suflicicnt  to  relieve  the 
articular  swellings. 
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in. — Lara!  reconiitiends  (he  lUc  o(  hydro-eJecltic  baths 
icilft  sinusoidal  currents. 

\'arioiis  ollwr  modes  of  treatment  may  be  employed,  such 
is  the  static  douche,  high  frequency  condensation,  hot  air 
baths,  and  light  baths.  The  cfiFect  of  il)c  latter  is  principally 
due  to  beat. 

According  (o  the  therapeutic  method  formulated  by  GuU- 
los,  the  genera]  rules  for  the  treaunent  of  gout  are : — 
^L    I.  In  the  treatment  of  the  local  aflfcclion  tise  strong  gal- 
^ftam'c  currents  with  transport  of  the  lithium  ion. 
^P   2.  Terminate  tlie  treatment  with  a  seance  of  auto^on- 
duction. 

505.  Lithiasi s —  Radio-diognosis. — Urinaiy  caiculi 
have  already  been  discussed  in  the  chapter  on  urinary  dis- 
eases. Biliary  calculi,  whether  formed  lit  the  gall  bladder, 
the  gal]  ducts  or  the  liver,  are  not  easily  diagnosed  by  means 
of  tile  X-rays.  This  is  due  to  the  opacity  of  the  surround- 
ing tissue,  and  to  llie  great  transparency  of  cliolcsieriii. 

On  passing  into  the  intestines  tlicsc  calculi  may  become 
covered  with  a  layer  of  carbonate  of  lime,  which  renders 
them  more  visible. 

Electro-iheTapeulics. — The  indications  are  tlie  same  as  for 
gout,  auto-conduction  and  galvanisation  of  great  intensity 
being  employed. 

Under  this  treatment  the  percentage  of  urea,  of  uric  acid, 
and  of  phosphoric  acid  in  the  urine  i.t  raised,  Itte  caloric 
radiation  of  tlie  body  is  augmented,  and  general  organk 
combustion  is  increased. 

The  continuous  current  is  applied  in  the  way  described 
by  GuUhz  for  the  Ireatmenl  of  o1)esily  (506). 

Auto-conduction  may  be  carried  out  by  means  of  d'Ar- 
sonvats  large  solenoid,  or  by  placing  the  patient  lictwccn 
ttt'o  spiral.*.  The  duration  of  the  seances  should  be  30  or 
,40  minutes  every  day  or  every  other  day. 
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In  cases  of  gravel  Leirat  recommends  the  h>tlro-eIcdric 
bath  with  sinusoidal  currents.  Its  diuretic  action,  lie  uy>, 
is  conjparaWe  to  lliat  of  tlie  Vittel  or  ConUcxcviHc 
waters. 

506.  Obeu^. — In  an  individual  with  normal  conslitn- 
tion  and  normal  tcmperainetit,  tlieie  is  a  constant  ratio  bc- 
iwccn  the  various  constituents  of  the  body.  According  w 
ViMi  NoordcH  and  Bouchard  the  following;  is  the  nomaJ 
composition  per  kilogramme  of  body  weight: — 

Fijcc4  allMiineii  i.|8  fframmes 

CUculaiorr  albunwn i>  gramniM 

F»i t^O  giammes 

Water  ...'..... Wio  (■latnmct 

UinenI  matter  .....: 50  grammes 

iax>  Brammcs 

TTiis  proportion  will  varj-  witli  tlie  constitution  of  ibe 
individual.  A  well-built  subject  with  strong  bony  frame- 
work will  have  a  lesser  proportion  of  albumen  and  fat. 
Another  nith  strong  muscular  development  will  have  an 
increased  proportion  of  fixed  albumen. 

A  patient  of  medium  frameworlc,  who  is  over  weight, 
must  have  an  excess  of  adipose  tissue. 

Bouchard  defines  the  "adiposity"  of  a  patient  as  the  ratio 
of  his  fat  weight  to  that  of  a  normal  subject.  To  obtain 
this  ratio  the  following  data  are  required : —  fl 

1.  The  height  of  the  patient.  ™ 

2.  Tlie  normal  weight  corresponding  to  that  height.    This 
may  be  deteniu'ncd  by  Bouchard's  table- 
In  the  absence  of  the  table  we  may  arrive  at  the  nomul 

weight  by  multiplying  the  height  in  decimetres  by  8  and 
deducting  66  (426).  M 

3.  The  build  of  the  twny  frame-work.    This  must  be  " 
estimated  and  the  nonnal  weight  multiplied  by  the  corre- 
qxmding  coefficient 
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4-  Muscular  Development. — The  degree  of  muscular  de- 
velopment should  be  determined  and  the  normal  weight 
mulliplicfl  by  the  corresponding  coefficient  found  in  BoU' 
chard's  tables. 

5.  Age  of  the  patient.  If  lliis  is  under  30  years  a  cor- 
[xcction  should  be  made  for  age.  by  multiplying  by  a  third 

cBficient. 

The  following  are  the  coefficients  for  build,  muscula- 
ture and  age: — 


Cocfficieot  of  Osse- 
ov»  Devclopmgnl. 


VUOO. 


COOT. 


Very  stout i.ta 

Stout iJoS 

.Salher  *louL I.04 

[Ucdium IjOO 

|Kaih«r  ileo<ler..oo6 

[Slender    agj 

kVcry  elcDdcr — ago 


CocScient    of 
Jktu^culatvrc, 


II  us- 
CULATORE. 


C'IMOT. 


Verj  sironic tJU 

Strong 1. 13 

Rather  sifotiK.  ..i.os 

Medium I.OO 

V«ble 0.95 

Verj  feeble 0,90 


Coefficient  of  Age. 


rcABS. 
13  ...  - 
IS.... 
17  .... 
19.... 

31   .... 

3.)  .■•• 

as  .... 
37  .■■■ 
ao  — 


Take  for  example  a  patient  53  years  of  age.  measuring 
170  cm.  in  height,  with  large  bones  and  strong  muscular 
development.  Had  he  been  of  medium  build  and  muscle 
his  weight  should  be  70  kilos.  (17X8  —  66^=70.) 
Multiplying  this  by  the  coefficients  for  build  and  mus- 
culature given  in  the  tabic,  his  normal  weight  should  be 

70  X  1.08X1.13  =  84.6  kilos. 
6.  The  weight  of  the  patient  must  be  compared  with  the 
normal  weight.     If  It  is  greater  the  excess  is  wholly  due 
to  fat. 

If,  on  the  other  hand,  it  is  less  than  normal,  the  loss  of 
weight  is  due  to  general  emaciation,  each  kilo  of  flesh  cor- 
responding to  a  loss  of  only  210  grammes  of  fat. 

Given  the  above  data  we  may  deteniiine  the  degree  of 
I  adiposity  in  the  following  manner : — 
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Normally  13  per  cent  of  the  body  weight  is  fal.  The  nor- 
mal weight  of  fat  in  the  above  example  will,  therelore,  be 

of  70,  or  9.1  kilos. 

Wc  must  add  to  tltis  the  amount  that  the  patient  ts  over- 
weight, taking  into  consideration  his  build  and  muKulanty, 
for  tliis  is  all  fat.  Supposing  he  weighs  90  kilos.  Since  his 
normal  weight  i»  S4.6,  he  has  an  excels  of  5.4  kilos  of  fat. 

Therefore  his  total  amount  of  fat  =  normal  fat -f- ex- 
cess fat  =9.1  -1-5.4=  14.5  kilos, 

The  dtgrte  of  adiposity  is  the  ratio  of  the  actual  amotmt 

14-5 

-  1.59- 


to  the  normal  amount  =- 


9-1 


■or 


On  the  contrary,  suppose  that  the  patient  weighs  less  than 
he  should,  iay  74.6  kilos,  tic  has  lost  10  kilos  of  flesh,  only 
21  per  cent  of  which  is  fat.  i>.,  2.  i  kilos.  The  total  weight 
of  his  fat  will  be  9.1  —  3.1  =7  kilos.    His  adiposity  will, 

therefore,  be  — ^  =  .769. 

The  value  of  the  adiposity  may  fall  as  low  as  .05  or  go 
up  to  13.  Titus  the  individual  we  have  taken  as  an  exam- 
ple may  fall  to  .45  kilos  of  fat  or  go  up  to  109  kilos, 
which  would  make  his  total  weight  184.5  kilos,  if,  as  we 
have  supposed,  he  is  muscular  and  well  developed. 

Adiposity  is  not  corpulence.  Corpulence  is  the  relation 
of  weight  to  height.  It  varies  with  the  muscularity,  the 
build,  and  the  adiposity. 

Adiposity  and  corpulence  usually  vary  simultaneously,  but 
they  arc  not  identical. 

I  have  eiUered  somewhat  fully  into  this  definition  of  adi- 
posity, so  that  we  may  have  accurate  data  to  start  from  in 
the  electric  treatment  of  this  affection.  The  most  difficuh 
part  of  the  (luestion  is  the  just  appreciation  of  the  coeflScients 
of  musculature  and  osseous  development. 
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We  must  appeal  to  physiological  physics  for  further  light 

jthis  subject,  whether  it  be  by  an  examination  of  the 

LdEdeton  b>'  means  of  the  Xrayii,  or  the  iiieasurcment  of 

lusclcs  by  ordinary  physical  methods. 

EUclrolhcra^y  of  Obntty.     I.  Trfalmcnl  by  continuous 

I  current.      {Guillos). — Large  electrodes  of  cotton-wool  or 
felt  wch  moistenctt  with  hot  water  may  be  applied  to  the 
l&bdomen,  the  thighs,  the  nate»  and  the  loins. 
The  electrodes  connected  to  the  negative  pole  should  have 
an  area  rather  larger  than  those  joined  to  the  positive 
pole.    The  intensity  may  be  gradually  raised  to  150  milli- 
^  amperes.    Seances  ol  30  minutes  or  an  hour  may  be  re- 
peated every  day. 
Later  on  we  may  employ  in  addition  the  faradisation  of 
muscles  of  the  abdomen,  the  nates  and  the  thighs.    It 
lust  not  be  forgoitai  that  in  many  of  these  caset  there  is 
ae  wcaknc-is  of  heart  whicli  may  conlra-indicatc  all  gym- 
ic  treatment  of  the  muiFcJes  during  the  iirst  part  of  the 
treatment. 

By  this  means  wc  may  ensure  the  loss  of  8  to  15  kilos  in 

kthe  course  of  a  month.  We  should  previously  keep  the  pa- 
tient under  observation.  The  time  to  intervene  electrically 
is  when  in  consequence  of  dietetic  treatment  the  patient  has 
ceased  to  increase  in  weight,  but  tlte  weight  remains  sta- 
tionary. 

P2.  High  Frequency  Currents. — While  the  continuous  cur- 
rent is  generally  well  supported,  other  fonns  of  electricity 
are  not  well  borne  by  patients  suffering  from  obesity.  Ev«i 
high  frequency  currents  applied  by  means  of  auto-conduc- 
^  lion  sometimes  produce  heart  pains  and  acceleration  of  the 
^Vpulse,  especially  where  there  is  fatty  degeneration  of  the 
^^  myocardium. 

3.  Procedure  for  the  gymnastic  treatment  of  the  muscles. 
—We  have  already  said  that  it  is  advisable  to  follow  up 
the  galvanic  treatment,  by  faradisation  of  the  muscles. 
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In  the  treatment  of  obesit)-  Larat  employs  the  bydro- 
clectric  bath  with  sinusoidal  current.  He  bc^ns  with  ■  bath 
of  15  minutes,  and  increases  the  ttnie  up  to  40  mtnittei 
Any  circulatory  troubles  he  regards  as  a  contra-indicatio!! 
for  treatment. 

Massage  and  passive  movements  may  be  tued  as  adju- 
vants to  the  clecrricni  treaunent. 

4,  Radio-ihfraptutic  Treatrntnt. — With  the  exception  ol 
high  frequency  and  heat  employed  as  a  sudatory,  wt  have 
not  been  very  successful  in  using  radiations  of  various 
wave  length  as  a  means  of  influencing  the  nulritioaal 
activity  of  the  tissues.  The  light  bath  has  been  recom- 
mended by  many  authorities,  but  it  is  probable  that  its 
action  is  due  solely  to  the  heat  which  accompanies  the 
light. 

It  is  difficult  sometimes  to  choose  among  the  varioos 
modes  of  electrical  treatment.  Obesity,  above  all  other 
diseases,  needs  a  varied  treatment,  more  especially  in  tlie 
case  of  women,  when  inertia  is  often  almost  complete. 

The  fundamental  treatment  is  galvanisation.  To  this  we 
may  add  faradisation,  auto-induction,  active  and  passin 
gymnastics  and  the  hydro-electric  bath.  Tlie  treatment  is 
costly  and  tedious.  Galvanisation  is  more  efficacious,  in 
my  opinion,  than  all  other  modes  of  procedure. 

Local  coUecHons  of  adipose  tissue. — The  treatment  is  the 
same,  galvanisation  with  large  electrodes,  faradisation,  aiid_ 
active  or  pas^vc  g)'mnastics  of  the  part  affected. 

507.  Diabetes. — \Vc  are  not  in  a  position  to  decide 
with  certainty  as  to  the  value  of  electricity  va  this  disease. 

D'Arsom'ol  and  Chanin,  and  later  Apcsloli  and  Btrlies, 
published  very  encouraging  results  of  auto-conductioa. 

I  have  myself  .seen  amelioration  and  even  disappear) 
of  glycosuria  as  a  consequence  of  auto-conduction.    The  \ 
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"tinit  was  placed  between  two  spirals  and  seances  of  ao  or 
30  minutes  were  given  every  other  day. 

In  presence  of  the  contradictory  mulls  obtained  by  differ- 
ent authoriucs  wc  mast  reserve  our  judgment. 

In  ail  of  our  cases  there  was  an  increase  of  strength  and 
an  improvement  of  the  general  health. 

The  static  bath  has  also  given  good  results  in  the  hands 
of  several  observers, 

508.  Chronic  Rheumatisin. —Articular  rheumatism, 
and  pseudo-rheumatism  of  infective  origin,  such  as  gon- 
orrhoea! rheumatism,  are  caused  by  definite  infective  organ- 
isms. The  cause  of  dironic  rheumatism  is  much  nwrc  ob- 
scure, the  more  so  because  it  often  follows  an  acute  infective 
rheumatism.  At  all  events  as  Bouchard  has  shewn,  chronic 
rbeumalism  is  an  arthritic  disease,  and  we  should  therefore 
treat  the  artliritic  diathesis  as  well  as  the  local  manifesta- 
tions of  the  disease. 

Radio-diagnosis. — When  the  joints  arc  affected  examina- 
tion by  the  X-rays  is  useful.  The  transparent  line  usually 
seen  between  the  ends  of  the  bone  will  be  absent  if  the 
articular  cartilages  arc  dcstroye*'.  We  should  also  look  for 
any  deformity  of  the  epiphysis,  and  for  osteophyte*. 

In  a  later  stage  the  bones  appear  more  transparent  on 
account  of  the  decalcification  of  the  osseous  tissue. 

Electro-therapy. — There  arc  two  principle  indications  for 
treatment : — 

1.  The  arthritic  diathesis, 

2.  The  local  manifestations  of  the  disease. 

General  treatment. — Tliis  consists  in  the  use  of  auto-con- 
duction, fardisation,  or  the  hydro-electric  bath  with  sinu- 
soidal current,  (Loral.)  Auto-conduction  may  be  cm- 
ployed  with  (FArsonvafs  large  solenoid,  or  by  placing  the 
patient  between  two  spirals.  Seances  of  20  to  40  minutes 
repeated  every  day  or  evcrj-  other  day. 
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Tbe  Noae  and  H«m)  PoaMe. 

Deviation  and  Growths  of  the  Septum  Nasi.— 
eiecUoijsis  may  be  used  in  tlit  ircalintiit  of  devia- 
tion, or  for  the  removal  of  cartilaginous  and  osseous  growths 
or  thickening. 

With  the  aid  of  a  nasal  speculum  two  steel  needles  are 
thrust  into  the  growth  at  a  slight  distance  a^nrt  and  par- 
allel to  one  another. 

Tile  needles  are  7  to  10  on,  in  length  and  .5  to  I  mm.  in 
diameter.  They  are  insulated  for  the  greater  part  of  their 
lenpth  by  means  of  an  india-ruhbcr  tube,  E.  Caslex  has  de- 
vised a  special  pair  of  forceps,  which  enables  them  to  be 
introduced  witliout  iiiteKepting  the  view.  When  the 
needles  have  been  placed  in  position  the  speculum  may  be 
withdrawn  and  the  needles  connected  to  the  battery. 

A  current  of  20  to  ^  milliampercs  is  passed  for  3  to  5 
minutes.  The  current  is  then  gradually  reduced  to  zero, 
and  reversed  for  30  to  60  seconds  with  a  current  of  30 
milliamperes.  This  is  again  gradually  reduced  to  zero  and 
the  needles  are  withdrawn. 

This  reversal  of  the  current  enables  us  to  withdraw  the 
positive  needle  without  any  dai^r  of  its  adhering  to  the 
tissues. 

The  mucous  membrane  may  be  rendered  insensible  by  the 
use  of  cocaine.  One  or  two  applications  are  usually  suSi- 
ctent 
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The  sloug^h  comes  away  in  from  8  to  10  days.  It  »  nsr- 
less  to  use  the  monopolar  method  in  affections  of  the  muc. 
The  bipolar  method  enables  us  to  kKaltse  the  action. 

5to.  Polypi  of  the  Naso-Pharynx. — Electric  treat- 
ment of  the  na«>-phar>-nx  was  first  employed  by  NiMtK 
A  polypus  in  this  situation  may  be  destroyed  by  means  cf 
bipolar  electrolysis.  Two  needles  are  used,  I  to  IJ4  raiUi* 
metres  to  diameter.  After  having  been  softened  these  arc 
bent  to  the  proper  curve  and  arc  then  rchardcncd. 

They  are  covered  to  within  a  short  distance  uf  the  point 
with  a  tube  of  india-rubber,  or  Ckatlerion's  insulating  rib- 
bon. The  needles  are  introduced  into  the  polypus  and  a 
current  of  so  to  40  miUiamperes  is  passed  for  5  to  10  min- 
utes. The  current  is  then  gradually  reduced  to  zero  and 
reversed  for  30  to  60  seconds. 

The  reveriicd  current,  after  having  been  laised  to  20  nril- 
liampercs,  is  again  reduced  to  zero,  and  the  needles  wi:J>- 
drawn.  In  this  way  the  positive  needle  may  be  withdrawn 
without  adhering  to  the  tissues  and  without  any  loss  of 
blood.  Usually  a  few  seances  at  intervals  of  a  fortnight  an 
sufficient.  When  only  3  few  remnants  of  the  tumour  remain 
treatment  may  be  completed  by  the  monopolar  method. 

Corel,  of  Lyon,  has  designed  a  toric  witlt  ilirec  platino- 
iridiuni  teeth.  The  two  outer  ones  are  connected  to  the 
negative  pole,  while  the  middle  one  is  insulated  and  cut- 
nectcd  to  the  positive  pole.  Before  using  the  instmmrat 
the  handle  should  be  well  covered  by  insulating  ribbo<f. 
Any  one  of  these  tnelhod.'*  may  be  employed  in  cases  wh.ie 
surgical  ablation  is  not  urgent. 

511.  Ozoena. — ^Tliis  affection  is  most  obstinate  to  or* 
dinar}-  treatment,  whereas  electrotherapy  gives  excellent 
resiilte. 

Electrolysis  is  the  mode  of  treatment  i>ar  excellence. 
First  employed  by  Gautier,  Jouslain,  Favier,  and  LariU  in 
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1893,  it  was  introdticed  at  Bru.ueU  by  Cheval,  Cafart  and 
Bayer  in  1895,  and  in  Vienna  by  Kellvi. 

The  reporu  of  all  these  observers  is  the  same.  Cure  is 
invariable  in  recent  cases,  and  even  in  those  of  long  standing 
a  great  improvenKnt  is  obtainable. 

Recently  Mofre  of  Bordeaux  has  thrown  some  doubt  on 
the  treatment,  as  he  has  met  with  cases  of  rapid  r<:cur- 
rencc.  It  is  probable  that  hih  technique  was  not  exactly 
the  same  as  that  of  the  observers  in  Belgium  and  Vienna. 
Whatever  may  be  our  opinion  as  to  the  permanency  of 
the  result,  the  utility  of  the  procedure  in  undoubted. 

Two  methods  may  be  employed,  that  of  Sekall,  who  uses 
electrodes  of  cotton-wool,  or  that  of  Chet^l,  who  employs  a 
positive  co(^>er  needle  and  a  negative  needle  of  steel. 

ChevoTs  process. — The  nasal  mucous  membrane  is  care- 
fully cleaned  and  rendered  insensible  by  means  of  a  5  per 
cent  solution  of  cocaine.  Two  needles  are  used,  one  of  cop- 
per, one  millimetre  in  diameter,  insulated  by  a  thin  india- 
rubber  tube  up  to  a  short  distance  from  its  point,  the  other 
of  steel,  similarly  insulated.  The  copper  needle  is  intro- 
duced into  the  mucous  membrane  of  the  middle  turbinated 
bone,  or  by  piercing  the  bone  V>  reach  the  concave  surface, 
which  is  usually  the  most  affected.  Tlie  needle  itlioiitd  be 
kept  parallel  to  the  lower  border  of  the  bone.  It  should 
penetrate  about  3  ceniimelre*.  nr  2  cenlinn-ircs  in  llw  case 
of  children.  The  steel  needle  may  then  be  introduced  into 
the  mucous  membrane  of  the  inferwr  turbinated  bone  on  tlie 
same  side. 

The  copper  needle  should  then  be  connected  to  the  positive 
and  tlie  steel  needle  to  the  negative  pole. 

The  current  should  be  turnoil  on  gradually  and  raised  to 
8  to  30  milliamperes  for  10  to  15  minutes.  Chet-al  goes  up 
to  30  milliamperes.  The  current  should  then  be  gradually 
reduces]  to  zero,  reversed  and  raised  to  30  milliamperes 


^Att  in— CBAmt  IX 


in  the  oppoisitc  direction,  after  whicli  it  should  be  again 
reducctl  to  icro.  The  needles  may  then  be  readily  with- 
drawn. Several  seances  should  be  given  at  intervals  u( 
a  week. 

The  active  agent  is  the  oxychloridc  of  copper  {onned  by 
the  liberated  CI,  at  the  po»ttive  pole.  After  each  scance 
there  are  symptoms  of  pain,  conjimctival  congestion,  and 
lachr>'mation,  which,  however,  disappear  after  a  few  day's. 

Bayer  has  reported  the  occurrence  of  violent  pain  after 
this  operation.  In  one  case,  in  which  die  patient  was  also 
suffering  from  suppurative  otitis,  a  fatal  termination  en- 
sued, although  the  clcdric  current  did  not  exceed  lO  milli- 
amperes.  It  is  impossible  to  decide  whether  tltcse  results 
were  due  to  accident,  or.  as  Lara/  supposes,  to  some  defect 
in  the  galvanometer  employed. 

Schdi's  procedure. — This  consists  in  introducing  a  moist 
negative  electrode  into  one  nostril,  and  a  positive  elec- 
trode composed  of  a  plug  of  cotton  wool  impregnated 
with  copper  into  the  other.  The  positive  electrode  is 
formed  in  the  following  manner.  The  end  of  a  copper 
rod  is  enveloped  in  cotton  wool  and  this  is  plunged  into 
a  warm  solution  of  silver  nitrate  acidulated  with  tartaric 
acid.  A  metallic  deposit  of  copper  h  fornied  on  the  plug 
of  wool.  In  SchaU's  procedure  the  intensity  should  be  IJ 
milliamperes  for  a  period  of  ten  minutes. 

Two  other  processes  have  been  employed,  one  by  Dionisio 
and  the  other  by  Bordier.  DionUio  recommends  photo- 
therapy in  the  treatment  of  ozccna.  basing  his  conclusion  on 
a  considerable  number  of  cases.  lie  employs  tubes  of 
crystal,  on  which  he  concentrates  the  light  of  a  small  incan- 
descent lamp  cooled  by  water  circulation,  and  supported  on 
a  water  cooled  handle,  A  description  of  his  procedure  may 
be  found  in  the  .Archives  d'Eleclricte  Medicale,  1903,  p.  452. 

Bordier  and  ColUl  obtain  good  results  from  high  fre- 
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quency  currents,  applied  locally  by  means  of  a  small  elec- 
trode with  a  glass  hatidtc  tnirodiiced  into  tbe  no»lriU,  After 
two  minutes'  application  tliey  submit  the  mucotis  mem- 
brane  of  the  phar)'nx  to  the  same  treatment,  depressing 
the  tongue  with  an  ordinary  spatula. 

512.  Anosmia. — Anosmia  may  be  treated  by  extra- 
nasal  galvanisation,  the  active  anode  being  a  plug  of  cotton 
wool  placed  on  the  bridge  of  the  nose,  the  negative  elec- 
trode being  placed  on  the  neck.  Intensity,  6  milliampercs. 
— Duration,  2  minutes. 

Endo-nasal  galvanisation  is  more  efficacious.  A 
moistened  plug  of  colton  wool,  fixed  to  the  end  of  an  in- 
sulated probe,  is  introduced  as  far  as  possible  into  the  nasal 
tossK.  A  second  electrode  is  placed  on  the  root  of  Uic  nose, 
or  on  the  nape  of  the  neck.  The  treatment  is  commenced 
by  continuous  galvanifation,  the  negative  pole  being  intra- 
nasaL  (See  par.  380.)  A  seance  of  5  minutes  may  be  given, 
with  an  intensity  of  3  to  5  milliampercs,  concluding  with 
faradisation  from  a  tliick-wircd  coil. 

According  to  Courlade,  the  intensity  of  the  current  should 
be  just  sufficient  to  be  perceived,  and  no  more. 


IL    Th«  Hootb. 

513.  Papilloma  of  the  Moutli. — This  may  be  treated 
by  negative  monopolar  electrolysis.  A  steel  or  platinum 
needle,  insulated  nearly  up  to  the  point,  is  thnist  into  the 
base  of  the  tumour.  An  indifferent  anode  of  100  sq.  cm.  is 
placed  on  the  nape  of  the  neck.  A  current  of  from  5  to  8 
milliamperes  is  pas!^  for  5  or  10  minutes,  A  single  seance 
suffices,  the  slough  becoming  detached  in  from  8  to  10  daj-s. 

Glossoplegia— Atrophy  of  the  tongue.— Paralysis 
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of  the  tongue  diie  to  periphera]  causes  is  vet?  rare,  tai 
ususlly  results  from  traumatism. 

The  treatment  consists  in  faradisation  of  the  muscles,  or 
if  tbe  paralysis  is  due  to  neuritis,  in  galvanisation  of  the 
ncr\-e.  As  shown  in  Plate  3,  the  motor  \>oiat  of  the  hypo- 
glossal nerve  is  found  behind  and  below  the  great  comu  of 
the  hyoid  bone,  nie  motor  points  of  the  cervical  muscle* 
arc  also  shewn  in  the  same  plate.  We  may  also  treat  the 
tongue  directly  by  means  of  the  rhythmic  faradic  current,  or 
the  rh\t]imic  galvano- faradic  current. 

An  electrode  for  this  purpose  may  be  improvised  by  pass- 
ing a  thick  copper  wire  through  a  bit  of  india-rubber  tub- 
ing, tpng  a  plug  of  cotton  wool  to  one  end. 

-Atrophy  of  the  tongue  due  to  peripheric  injury  of  the 
nerve  may  be  treated  in  the  same  way. 

515.  Teeth — The  production  of  Analgesia  by  high  ft«- 
quency  currents. — Regnirr  and  Duisbury  have  produced 
anaesthesia  in  lecth  during  extractiofi  or  stopping  by  means 
of  high  frequcnc)-  currents.  The  following  details  may  be 
of  interest  to  those  who  wish  to  repeat  their  experiments. 
The  electrode  is  made  from  a  cast  of  the  region  to  be 
anxsthetised.  The  cast  is  covered  with  s  metallic  powder 
and  a  thin  sheet  of  tin  {oil  moistened  with  a  paste  of  asbestos. 

This  electrode  is  connected  to  the  resonator  of  a  high 
frequeiKy  apparatus.  The  analgesic  properties  of  high 
frequency  currents  may  be  of  use  in  cases  where  other 
means  of  producing  anaesthesia  are  contra-indicated. 

IIL    Tbe  Larynx. 

516.  Paralysis  and  Neuritis  of  the  Recurrent  laryn- 
geal Nerve —  Radio-diagnosis. — The  cause  of  laryngeal 
paralysis  is  often  involved  in  obscurity,  and  radio-diagnosU 
may  be  of  great  service  in  clearing  up  the  ctiologj'  of  the 
case,  when  due  to  some  lesion  in  the  mediastinum.  Mignon 
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quotes  two  cases  of  aneurism  of  the  aorta  diagnosed  hy 
the  X-rays'. 

Laryngeal  paralysis  may  be  treated  by  external  rhjthmic 
faradisation.  An  electrode  of  suitable  fonn  and  curve  is 
applied  to  the  neck  cm  the  paralysed  side.  This  is  joined  to 
the  n^r^tive  pole  of  the  coil,  an  indifferent  electrode  being 
placed  on  the  nape  of  the  neck.  The  current  is  rhythmically 
interrupted  by  means  of  the  metronome,  so  as  to  give  one 
second  of  contraction  alternating  with  one  second  of  rest. 
A  seance  of  lo  minutes  may  be  given  every  other  day. 

If  tile  paralysis  is  on  both  sides,  we  may  employ  an  elec- 
trode, such  as  that  of  CotigKrwArim,  embracing  both  sides 
of  the  larynx. 

The  affection  may  also  be  treated  by  cndolaryngeal  fara- 
disatioii.  {Morell-Mackemie.)  The  application  of  this 
treatment  is  the  business  of  the  laryngologist  rather  than 
the  medical  electrician,  and  the  same  may  be  said  of  endo- 
laryngcal  galvanisation  few  nciuntis  of  the  recurrent  larj-n- 
geal  nerves. 

517.  Hysterical  Aphonia. — The  best  method  is  to  treat 
the  larjTJgeal  r^ion  with  a  shower  of  sparics  from  a  static 
machine  or  from  a  high  frequency  apparatus.  The  faradic 
brush  may  also  be  applied.    {Meyer.) 

518.  Vocal  Fatigue.— Influence  of  Electricity  on  the 
Voice  of  Singera. — Moulkr  shewed  the  good  effects  of  the 
static  effleuve  in  vocal  fatigue.  The  patient  is  placed  on  the 
insulated  stool  and  cotmcctcd  to  tlie  negative  pole  of  a  static 
machine.  A  brush  discharge  from  the  positive  pole  is  tlten 
directed  on  the  open  mouth. 

Seance!)  of  15  to  310  minutes  may  be  given  every  other 
day.  The  voice  gain.<i  in  pitch,  the  hi^  notes  being  taken 
more  easily.  High  frequency  currents  give  similar 
results. 

>  TraM  de  RadiologSe  MMieale.    Boacbard,  p.  92a, 
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ZV.    The  Ear. 

519.  labyrinthine  Otitis — Deafness  due  to  1e«on  of 
the  labyrinth  or  lesion  of  the  Acoustic  nerve — Hysterical 
deafness —  Electro-diagnosis. — The  galvanic  testing  of 
ihc  acoustic  ncn-c  is  made  by  placing  ihe  active  electrode 
on  the  tragus  in  front  of  the  externa!  auditory  meatus,  and 
the  indifferent  electrode  electrode  on  the  nape  of  the  neck. 
It  gives  the  following  results  {Brenner.  1863 ;  Erb,  1869)  ; 

Usually  in  the  healthy  subject,  no  sensation  is  produced 
with  either  pole,  by  gradually  raising  the  intensity  or  by 
suddenly  opening  and  closing  the  circuit.  In  only  one 
case  in  ten  is  there  any  response  on  the  part  of  the  nerve 
In  that  case  KC  appears  first  and  afterwards  AO.  No 
response  is  obtained  to  KO  or  AC. 

Tlie  sound  produced  by  KC  is  brief  and  fairly  loud.  It 
is  often  followed  by  a  faint  sound  which  is  prolonged  for  a 
moment  and  then  di-sappcars.  If  we  allow  the  current  to 
flow  for  a  few  seconds,  tlic  nerve  reacts  ntorc  readily. 
(Secondary  excitability  o£  Brenner.)  If  the  current  is 
passed  for  some  minutes  in  one  direction,  and  then  in 
l!ie  reverse  direction,  wc  sometimes  get  inversion  of  the 
formula  of  excitation.  (Tertiary  reaction  of  Brenner.)  It 
may  happen  that  the  left  car  will  respond  to  excitation  of 
the  right  ear.  In  this  case  the  inverse  formula  of  cxciL-ition 
is  observed,  i-e.,  the  left  ear  responds  as  if  an  electrode  of 
contrary  sign  were  applied  to  its  tragus.  This  ts  probably 
due  to  the  fact  that  when  the  indifferent  electrode  is  placed 
on  the  neck,  a  virtual  electrode  of  the  same  sign  is  formed 
near  the  opposite  car,  the  lines  of  flux  being  disseminated 
through  the  head.  This  so-called  paradoxical  reaction  is 
only  met  witli  in  patht^ogical  cases. 

The  meaning  of  these  reactions  is  susceptible  of  different 
interpretations.  The  healthier  the  ear,  the  less  it  reacts  to 
alterations  of  the  electric  state,  since  the  acoustic  nerve  is 
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stimulated  with  difficulty.  It  becomes  excitable  by  reason  of 
certain  pathological  stales,  which  increase  t)ie  conductivity 
of  the  tissues  of  the  external  ear,  e.g.  ftirunculosis.  otitis 
media,  etc.  It  may  also  become  more  excitable  in  conse- 
(lueiice  of  abnormal  irritabiltly  of  ihe  acoustic  nerve  itself, 
due  to  cerebral  tumour,  meningitis,  traumatism,  etc. 

In  ordinary  inflammatory  lesions  of  the  external  or  mid- 
dle ear,  electrical  examination  is  unnecessary.  It  may  be 
useful  in  suspected  cases  of  labyrinthine  otitis,  or  in  intra- 
cranial affections  in  their  early  stag;*-*. 

In  hysterical  or  tabetic  deafness  the  reaction  is  normal. 

In  some  instances  the  existence  of  the  auditory  reaction  is 
of  good  augury.  This  is  the  case  where  the  nerve  is  un- 
dergoing degeneration,  as  in  labyrinthine  deafness  of  long 
standing.  The  response  proves  that  the  degeneration  is  not 
complete,  but  the  nen-e  is  the  scat  of  some  intlammatory 
affection. 

k  One  may  say,  then,  that  where  there  is  no  disease  of  the 
external  or  middle  ear,  any  reaction  to  a  feeble  current  of 
5  or  6  milliamperes  makes  one  suspect  hypenemia  of  the 
labyrinth  or  of  the  trunk  of  the  acoustic  nerrc' 

EUelro-lherafiy. — Hysterical  deafness  is  especially  bcnc- 
'fited  by  the  use  of  electricity.  The  continuous  currcni  should 
be  employed.  The  active  electrode  should  be  connected  to 
the  positive  pole  {Erb)  and  the  current  should  be  inter- 
rupted from  time  to  time,  so  as  to.  arouse  the  excitability 
of  the  nerve. 

Duchcnne  of  Boulogne  employs  the  faradic  current  in 
hysterical  deafness,  stimulating  the  t>'mpanum  directly  by 
aid  of  an  car  bath  connected  to  one  pole  of  the  coil.  We  may 
also  employ  Roumailhac's  special  electrode  for  this  purpose. 

520,  Noises  in  the  ears. — Dinoyh,  Imbert  and  Marqttit 
have  demonstrated  the  good  effects  of  high  frequency  cui^ 

■  Gradcnigo,  1883,  in  Buret,  Arch.  d'EXccL  M£d.,  April  15, 1902. 
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rents  in  the  treatment  of  noises  in  the  ears,  when  these  are 
not  associated  with  suppurative  otitis.  The  best  method 
is  to  pass  the  fine  wire  brush,  or  a  condensing  electrode, 
over  the  mastoid  process  and  in  front  of  tlie  external  audi- 
tory meatus. 

Effleuves  or  sparks  may  be  given  according  to  the  tol- 
erance of  the  patient  According  to  tmbert  and  Marqnit 
tliis  method  should  be  s>-stematical1y  employed  in  all  cases 
of  noises  in  the  ears,  especially  if  caused  by  sclerous 
otitis,  hysteria  or  neurasthenia. 

Good  results  arc  also  obtained  with  the  continuous  cur- 
rent, after  tlie  technique  of  Brenner  and  Erb.  The  active 
anode  is  applied  on  the  tragus,  the  indifferent  cathode  be- 
ing placed  on  the  nape  of  the  neck.  A  current  of  5  to  8 
nitliiainperes,  or  even  la  miUiamperes,  may  be  used  for 
5  to  20  minutes. 

In  cases  of  vertigo  accompanied  by  noises  in  the  ears, 
Libotic'  has  obuined  good  results  by  using  the  sUtic 
brcoLc. 

521.  Otitis. — We  have  seen  that  noises  in  the  ears. 
due  to  sclerous  otitis,  are  often  cured  by  electricity.  (520.) 
Electrical  treatment  is  also  useful  in  deafness  from  labyrin- 
thine otitis.  (514.)  We  shall  here  treat  briefly  the  acute 
affections  of  the  middle  ear. 

According  to  Mounter,  when  an  acute  otitis  is  declining, 
it  is  advisable  to  faradise  Uie  car.  Faradisation  acts  by 
hastening  the  reabsorplion  of  exudation,  and  remedying  the 
post-inflammatory  paresis  of  the  muscle  of  the  middle  car. 

Berganii  has  used  this  nwthod  with  success  in  the  treat- 
ment of  sclerous  otitis  media,  using  a  rhythmic  faradic  cur- 
rent, interrupted  by  means  of  a  metronome. 

He  employ*  Roumaichac's  auricular  electrode,  the  indif- 
ferent electrode  being  placed  on  the  nape  of  the  neck.    By 

>  Libotte.    Archives  4'EI«Ciricil£  Medicate,  igoj,  p.  loa 
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this  means  he  obtains  a  direct  action  on  the  muscles  of  tlie 

middle  car.  in  addition  to  the  "faradic  massage"  of  the 

tympanum. 

■■  The  intensity  should  be  increased  until  slight  contraction 

of  the  muscles  of  the  face  is  produced.     Seances  may  be 

given  every  day  or  every  second  day  for  ao  to  30  minutes. 

In  conclusion,  wc  may  draw  attention  to  Dionisio's  re- 
sults* of  treatment  by  phototherapy  in  chronic  purulent  otitis 
of  the  middle  car.  By  his  method,  the  light  of  an  incandes- 
cent lamp  is  projected  on  to  the  tympanum  by  means  of  a 
speculum. 

533.  Contractions  of  the  eustachian  tube. — Contrac- 
tion of  the  eustachian  tube  may  be  treated  by  circular  elec- 
trolysis in  the  same  manner  as  that  described  for  stricture 
of  the  urethra. 

Copper  bougies  are  used,  from  No.  3  to  No.  6  on  the 
French  scale.  These  are  passed  through  a  silver  catheter, 
which  is  insulated  externally.  The  catheter  is  introduced 
up  to  the  striclure,  and  then  the  bougie  is  passed  through  it. 
The  catheter  is  then  connected  lo  the  nt^tive  pole  and  a 
current  of  3  milliamperes  is  passed,  which  may  be  increased 
up  to  5  milliamperes  if  the  patient  will  bear  it.  Under 
slight  pressure,  the  sound  may  be  felt  to  penetrate  the  stric- 
ture. The  seance  should  not  exceed  3  to  5  minutes  ta 
duration.    (Duel.) 

'  Archives  d'Elcdricite  Medtcalc,  Joly  15,  1903. 
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523.  Pulmonary  Tuberculosis.  -'Radio  •  diagnosis.  ~— 
Pubnonary  tuberculosis  is  one  of  the  diseases  wliose  diag- 
nosis has  be«n  subsL-vntially  a<iva»c<:<l  by  the  aid  of  the 
X-rays.  They  are  most  useful  in  Ujc  early  slagcs,  when  as 
yet  there  arc  no  physical  signs  and  bacteriologicat  examina- 
tion gives  negative  results.  Since  it  is  most  imixJrtant  to 
be  able  to  diagnose  the  disease  in  this  early  stage,  when  it 
is  still  curable,  radio-diagnosis  has  taken  a  prominent  place 
in  medicine.  For  a  further  study  of  this  question  we  may 
refer  the  reader  to  the  excellent  article  by  Dr.  Le  Noir 
Prof,  Bouchard's  Traitc  dc  Radiologic  >f«iic3lc, 

A.  Doubtful  period. — When  the  thorax  is  irradiated  m 
the  frontal  position,  so  that  the  normal  ray  falls  on  the 
sternum  or  spine,  the  two  sides  of  the  pulmonary  region 
should  be  equally  ilhnninatcd.  During  inspiration  the  lumin- 
osity is  increased.  The  diaphragm,  which  is  naturally  raised 
on  the  right  side,  is  seen  to  oscillate  equally  on  bolh  sides. 
The  ribs  are  also  seen  to  be  equally  elevated  on  cither  side 
by  tlie  movements  of  inspiration.  Disease  of  the  lungs  is  to 
be  suspected  when  there  is  an  inequality  of  luminosity  on 
the  two  sides,  or  any  interference  with  the  physiological 
movements. 

Even  in  health  the  riglit  apex  of  ttic  lung  may  be  slightly 
le«  transparent  than  the  left.  Tliis  ts  due  to  the  increased 
muscular  development  on  the  right  side.  This  should  not 
mislead  us  when  wc  remember  that  there  is  usually  greater 
resonance  on  that  side. 
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In  th£  exploration  of  the  thorax  it  is  convenient  to  use 
the  special  bolder  (or  carrying  tJie  fociis  lube,  and  the  inct- 
denee- indicator  described  in  par.  214.  By  its  means  we  can 
irradiate  any  given  region  at  any  angle. 

To  appreciate  slight  dirTerences  of  opacity,  we  may,  as 
Claude  advises,  place  a  metal  object,  sudi  as  a  key,  between 
the  focus-tube  and  the  patient  on  cither  side.  A  slight  dif- 
ference of  pulmonary  opacity  will  greatly  alter  the  clearness 
of  outline  ol  an  object  thus  interposed. 

The  examination  of  the  lungs,  tlic  diaphr^;m  and  ti>c 
fibs  should  he  followed  by  that  of  the  mcfliastinuin. 

The  examination  of  the  mediastinal  glands  should  be 
made  by  oblique  illumination  of  the  thorax.  The  focus-tube 
should  be  moved  round  from  side  to  side  and  the  screen  hejd 
obliquely  on  the  opposite  side.  Except  with  very  oblique 
rays,  the  intensity  of  the  X-ray.*  is  tlic  same  in  every  direc- 
tion. The  illumination  is,  therefore,  equally  good  in  the 
oblique  and  in  the  frontal  position.    ( 199.) 

Wc  may  also  rotate  the  patient  on  a  vertical  axis  while 
keeping  the  fluorescent  screen  parallel  to  the  plane  of  the 
tube-holder. 

The  examination  should  be  terminated  by  determining 
the  area  of  the  heait  In  patients  predisposed  to  tubercu- 
losis, the  heart  area  is  usually  diminished.  The  best  way  of 
estimating  tlie  diminution  is  to  measure  the  heart  area  S. 
and  compare  it  with  the  weight  of  fixed  albumen  of  the 
patient  A.  The  normal  value  of  the  ratio  S/A  for  an 
adult  is  9.8  for  men  and  9.5  for  women.  This  ratio  is 
diminished  in  patients  predisposed  to  tuberculosis.  In 
cliildren  tlie  heart  is  relatively  larger. 

B.  IVhcii  the  presence  of  tuberculosis  is  esiabUsfted  by 
clinical  signs  and  the  presence  of  bacilli  in  the  sputum,  the 
X-rays  will  still  be  of  service  in  following  the  evolution  of 
the  disease.    A  description  of  the  shadows  given  by  the 
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various  alteratnits  in  pulmonary  tissue  will  be  foiuid  in  the 
article  by  Le  Noir. 

All  ledons  increase  the  opacity,  witli  the  one  exception 
of  excavations  which  are  empty.  These  shew  as  transparent 
patches  surrounded  by  darker  areas. 

The  presence  of  secondary  lesions,  pleurisy,  sclerosis,  etc^ 
may  greatly  modify  the  appearance.  These  will  be  de- 
scribed in  par.  524. 

^  Eleclro-thfrapeMics. — Every  form  of  electric  energy  and 
c\-ery  varict>'  of  radiation  has  been  tried  in  the  treatment  of 
tuberculosis.  As  in  ail  other  modes  of  treatment,  good  re- 
sults have  been  reported.  In  spite  of  perfectly  honest  ob- 
servations by  competent  observers,  we  are  forced  to  the 
conclusion  that  neither  the  X-ra>'S  nor  the  high  frequency 
currents,  nor  any  other  form  of  electric  energy,  has  proved 
itself  of  much  use  in  this  disease. 

Of  all  modes  of  electric  treatment,  tlie  most  satisfactory 
and  the  most  hopeful  is  that  by  high  frequency  currents." 

The  moi.t  important  experiments  in  this  respect  have  been 
made  by  LagriffouP. 

The  experiments  were  made  on  over  30  gunica  pigs,  thns 
obviating  any  accidental  errors,  or  any  possible  objection  on 
the  score  of  suf^stion.  The  following  are  the  author's 
conclusions : 

"The  treatment  by  moderate  effleuvation  exercised  a  fav- 
ourable influence  on  the  progress  of  tuberculosis.  When 
the  treatment  was  more  intense  the  benefit  was  more 
marked.  Auto-conduction  was,  as  a  rule,  kss  cfBcadous 
than  the  efflcuve  in  moderate  doses.  The  association  of 
auto-conduction  and  efflcuvation  did  not  increase  tlie  effect 
of  each  separately.    The  influence  of  high  frequency  treat- 

■Donmer,  Ondin,  Gandit.  Rcviere,  etc. 

•Lagriffoul  >nd  Wnoyis.  Archives  d'ElecIrlciti  MWicale, 
June,  1900;  I>eiiuyfs,  Les  Couranti  dc  hiulc  frcqtMiKe.  Hanw- 
lio.    Hontpelicr. 
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mcntwas  ercn  manifested,  altliougli  iu  a  less  degree,  when 
the  treatment  had  bccu  delayed  until  after  the  appearance 
of  enlarged  glands  above  the  seat  of  inoculation.  The 
cffleuve  in  moderate  doses  seemed  to  attenuate  llie  severity 
of  the  lesions.  The  treatment  had  no  effect  on  the  enlarged 
frauds.  Although  the  cffleuve  in  these  experiments  seemed 
to  exercise  a  beneficial  influence  on  the  evolution  of  Ihc 
disease  it  did  not  prevent  its  generalisation. 

In  addition  to  these  experimental  results  liiere  arc  numer- 
ous reports  of  human  tuberculosis  relieved  or  cured.  The 
eflleuve  applied  to  the  thoracic  region  has  given  excellent  re- 
sults in  tlic  hands  of  Oudin,  Doumer,  Glandil  and  others. 

I  have  not  myself  been  so  successful.  In  1897  I  treated 
nine  cases  under  Dr.  Bouchard's  care  at  "la  Charitc."  In 
some  instances  there  was  an  aggravation  of  tlie  symptoms, 
in  others  3  diminution  in  weight,  while  still  others  left  ofF 
the  treatment  as  causing  them  too  nnicli  fatigue. 

Since  then  I  have  treated  some  canes  with  better  success, 
but  at  present  tlie  result  of  electrical  treatment  ts  very 
problematical.  It  would  seem  lliat  cases  of  neurasthenia  in 
tuberculous  patients,  witli  feeble  arterial  pressure,  arc  best 
suited  for  this  treatment.  The  inhalation  of  ozone  has  also 
been  employed  in  ttie  treatment  of  tuberculosis,  and  favour- 
able results  liave  been  reported.  We  should  proceed  with 
caution,  as  ozone  is  known  to  exert  a  very  injurious  action 
on  tJie  bronchi  when  a  certain  dose  is  exceeded.    (353.) 

524.  Non-tuberculous  affections  of  the  lungs. — Radio- 
diagnosis. — Bronchitis  does  not  alter  the  transparency  of 
the  pulmonary  parenchyma.  This  is  a  valuable  sign,  en- 
abling us  to  differentiate  phthisis  from  brondittis. 

Bronchial  stenosis  sltews  itself  by  the  slowness  witli  which 
the  pulmonary  alveoli  fill  up  on  the  affected  side,  and  the 
small  sire  of  the  corresponding  lobe  of  the  lung  during 
the  whole  period  of  inspiration.    This  is  accompanied  by 


520 


PAXT  in— cn*mK  x 


displacement  of  the  mediastiiium,  which  is  dratro  to 

affected  side. 

Bronchial  dilatation  is  not  visiMe  on  the  screen,  unless 
large  cavities  arc  |)reieiit. 

When  emphysema  exists  alone,  it  is  revealed  by  an  in- 
creased clearness  of  the  image.  Wlien,  however,  it  is  as- 
sociated with  the  cotigestive  lesions  which  generally  ac- 
company it,  the  aspect  of  the  image  is  very  variable.  The 
diaphragm  is  less  raided  and  descends  lower,  while  its 
movements  are  diminished  in  amplitude. 

Pulmonary  sclerosis  is  of  very  variable  aspect.  It  is  mani- 
fested by  a  diminution  of  the  clearness  and  size  of  Hie  image, 
and  a  decrease  in  ihc  antpSttude  of  the  movement  of  the 
ribs  and  diaphragm.    Occasionally  there  is  displacement  of  < 
the  mediastimim  diirtng  siisuined  inspiration. 

In  pneumonia  wcll-dct'mcd  opacities  arc  visible,  which  may 
persist  long  after  tlie  termination  of  the  disease.  (Le  Noir.) 

In  the  trwilincnl  of  sub-acute  bronchitis  and  emphysema, 
hot  air  and  light  baths  have  been  rcconuneoded  by  Gautitr 
and  Larat,  and  the  arc  light  by  M.  A.  Clravtt^. 

525.  Pleurisy.  —  Radio-diagnosis.  —  Pleuritic  effosion 
jTfives  a  wcU-markcd  shadow.  The  diagnosis  of  jrfeurisy 
by  means  of  the  X-rays  was  6rst  made  by  BoKchard  in 
l8g6,  and  was  the  foundation  of  medical  radiology. 

When  there  is  considerable  effusion,  the  nwdiastinura  may 
be  seen  to  be  pii$hed  to  one  side.  DJ^iplacement  of  the  heart 
in  pleurisy  of  the  left  side  is  al-io  distinctly  visible. 

The  surface  of  the  liquid,  instead  of  being  horizontal,  is 
frequently  concave.  According  to  Bcrgonii  and  Corriire, 
this  is  due  to  the  depression  of  the  surface  of  the  liquid 
by  the  Iimg,  which  is  more  or  less  immersed  in  it.  When 
the  position  of  the  patient  is  altered,  the  liquid  obeys  the 

*  Congress  of  the  American  ElectroiheraDcuiic  Associatioii, 
Bullalu.    Archives  d'Electricite  Medicale,  I*cb.,  l8g(|. 
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faun  ol  hjrdrofitatics,  a  circumstance  which  enables  us  to 
dt^nose  small  ooUectioQS  of  fluid,  bound  down  or  sepanitcd 
by  adhesions. 

If  there  is  jincumotborax  in  addition  to  the  pleurisy,  there 
will  be  a  tighter  space  about  tbc  dark  shadows  of  Uie  liquid. 
In  that  case,  the  line  between  the  air  and  the  lii|uid  is  verj' 
dearly  marked,  and  it  prescr\'es  its  horizontal  direction  when 
the  patient  alters  his  position,  li  is,  moreover,  agitated  by 
waves  and  undulations,  which  are  plainly  visible  when  the 
patient  is  shaken,  and  occasionally  waves  may  be  seen 
which  are  synchronous  with  the  [mlsations  of  the  heart. 
(Bouchard,  Kienboek.) 

The  level  of  the  liquid  is  raised  during  inspiration.  It  is 
chiefly  caused  by  the  descent  of  the  diaphrafjm  on  tlic 
healthy  side,  pnxlucing  increased  abdominal  pressure,  and 
a  lifting  of  the  inert  portion  of  the  diaphragm  on  the  af- 
fected side. 

Localised  pleural  efTusions  are  early  recognised  by  means 
of  the  X-rays. 

Thickening  of  the  pleura  is  characterised  by  opacity  of 
the  image.  This  opacity  is  not  very  visible  when  the  thick- 
ened portion  is  irradiated  at  right  angles  to  its  plane.  It  is, 
on  the  contrary,  very  apparent  when  viewed  sideways,  as 
we  slioitid  view  a  piece  of  gla^  through  its  e<^s.  It  is, 
therefore,  important  to  be  able  to  examine  the  thorax  with 
different  angles  of  incidence  (or  the  rays.  This  is  par- 
licidarly  t!ie  case  in  dry  inter-lobar  pneumonia.  {Biclht.) 
526.  Diseases  of  the  appendages  of  the  respiratory 
tract — Goitre.  —  Various  kinds  of  electro-therapeutic 
treatment  have  been  recommended  in  the  different  fonns  of 
goitre.  DUksoH  of  Toronto  employs  positive  electro-punc- 
ture in  the  vascular  variety  and  nt^tive  electro-puncture 
in  the  6brous  variety.  He  also  uses  bipolar  electrolysis,  and 
in  ilight  cases  he  employs  negative  galvanisation.  I  have  oc- 
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ca^onatly  had  recourse  to  this  mode  of  treatment,  wtiidi 
has  usually  produced  a  notable  diminution  of  the  tumour. 
A  cathode  of  60  to  too  »).  cm.  U  appltnl  to  the  front  of  Uic 
Deck,  and  an  anode  of  200  to  300  sq.  cm.  to  tlw  naj>c. 
Seances  every  second  day.  Intensity  of  30  to  40  niilli- 
amperes.  In  tlie  treatment  of  cystic  diseases  of  the  thyroid, 
Dickson  injects  an  elcctrol>-lic  solution  into  tlie  interior,  and 
^deavours  to  obliterate  the  cyst,  b>'  setting  up  adhesive  in- 
flammation by  the  action  of  the  negative  pole'. 

527.  Whooping  Cough. — Bordicr  has  obtained  most 
excellent  results  by  means  of  ozone  inhalations.  The  patient 
is  placed  in  a  chamber  into  which  is  inlroducct]  tlie  ozone 
produced  by  a  high-frequency  resonator  or  helix  through 
whicli  a  current  of  oxygen  is  passing.  (225.)  As  a  rule, 
cylinders  of  oxygen  may  now  be  readily  procured  when  re- 
quired. The  dose  of  ozone  should  not  exceed  .3  milli- 
gramme per  htre  of  air. 

The  amount  of  ozone  may  be  estimated  by  drawing  ofif 
some  of  the  air  by  an  aspirator,  and  bubbling  it  tlirough  a 
standard  solution  of  arsenic.  (351.)  Seances  from  5  or  10 
minutes  for  children,  to  15  minutes  for  adults,  and  repeated 
every  secon<l  day. 

528.  Nervous  Asthma. — Admirable  results  have  been 
obtained  in  this  disease  by  faradisation  of  the  vagi,  one 
electrode  being  placed  on  the  neck  and  the  other  on  the 
epigastrium.  (Brb.)  tiockw^ll  prefers  galvanisation  of 
tlw  vagi.  Where  faradisation  and  galvanisation  have  failed, 
Larat  has  had  good  success  by  passing  a  shower  of  electric 
sparks  from  a  static  machine  over  the  whole  of  the  cheSL 
The  re»;ults  are  to  all  appearances  permanent. 

529.  Hiccough. — ^This  may  be  due  to  an  affection  of 
the  digestive  organs,  of  of  the  respiratory  tract,  or  of  the 

iCongTcat  of  die  Ainerican  rteclrical  AModation  at  Buffalo^  in 
Archives  d'Eleetriciti  Mcdicalc.  J«n.  15,  iBpSJ. 
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nervous  system.  Hiccough  has  the  most  varied  patho- 
^nesis,  depending  sometimes  on  irritation  of  the  phrenic 
nerves,  and  sometimes  on  psychic  causes.  Our  mode  of  in- 
tervention should  vary  according  to  the  cause. 

Usually  galvanisation  of  the  phrenic  nerve  should  be 
adopted,  one  electrode  being  placed  on  the  phrenic  in  the 
neck,  and  the  other  on  the  nape  of  the  neck,  or  on  the 
epigastrium.  (Capriati.)  Intensity,  lO  to  so  miliamperes. 
— Duration,  lo  to  15  minutes.  In  a  case  of  hysterical  hic- 
cough. Regis  and  Dibedal  obtained  good  results  by  pro- 
longed tetanizing  faradisation  of  the  cesophagus,  a  metallic 
sound  with  olive  shaped  tip  being  introduced  into  the 
oesophagus. 


CHAPTER  XI. 
AFFECTIONS  OF  THE  LOWER  DIOBSTIVE  TRACT. 


Sja  Spasmodic  Stricture  of  the  Oesophagus. — This 
may  proceed  from  a  nervous  cause,  such  as  hysteria,  or  it 
may  depend  oii  disease  of  neighbouring  pans,  the  nature  of 
which  may  often  be  determined  by  the  aid  of  radio^ag- 
nosis. 

The  treatment  consists  either  in  galvaniution  of  the  vagi, 
or  in  direct  faradisation  or  galvanisatioit  of  the  asopha^s. 

t.  Cahvnisalion  of  the  tvj^t. — An  anode  of  20  sq.  cm.  is 
placed  on  each  side  of  the  imerval  between  ihe  two  hcadi 
of  origin  of  the  stcrno-mastoid  muscle.  These  should  be 
jmited  up  in  parallel,  .^n  indifferent  cathode  of  large  size 
is  placed  on  llie  epigastrium.  Tlie  current  should  be  in- 
creased very  gradually  up  to  15  miUiamperes  and  further  to 
40  to  50  milliamjieres  if  possible.  Seances  15  to  25  minutes. 
— Repeated  every  day  or  every  other  day. 

2.  Intra-asophageal  method. — A  sound  with  olive  shaped 
termination  may  be  employed,  or  wc  may  use  a  ring- 
shaped  electrode  as  described  for  the  treatment  of  organic 
stricture.  The  indifferent  electrode  may  be  placed  in  any 
convenient  position. 

Either  the  faradic  or  the  galvanic  current  may  be  used. 
The  faradic  current  matt  readily  produces  exliaustion  of 
the  irritabilitj-  of  the  unstripcd  muscular  fibres,  for  which 
purpose  the  stimulation  should  be  continued  for  a  quarter  of 
an  hour  or  more. 

Tlie  contractions  of  the  muscle  around  the  olivary  end  of 
the  instrument  may  be  readily  felt.   The  sound  should  be  re- 
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move<1  from  time  to  lime  and  reintroduced  in  order  not  to 
fatigue  the  patient  too  much.  Tlic  intensity  of  the  current 
should  be  ptislied  as  far  as  the  patient  will  tiear.  Seances  at 
first  every  day,  afterwards  every  si-cond  day. 

Opinions  are  divided  as  to  the  best  made  of  applying  the 
galvanic  current  in  this  disease.  Some  authorities  ireat 
spasmodic  in  the  same  way  as  organic  stricture,  applying 
intense  currents  by  means  of  a  bare  olivary  sound  connected 
to  the  negative  pole.  Others,  like  Bordier,  fearing  the  oc- 
currence of  post-elcctrolytic  cicatrices,  use  a  small  otive- 
ended  sound  covered  with  cotton-wool  and  gauze,  and  do 
not  exceed  8  milllamperes  for  a  period  of  lo  or  15  minutes. 

The  following  is  the  procedure  for  treating  spasmodic 
stricture  of  the  ccsophagus : 

1.  Commence  by  galvanisation  of  the  vagi. 

2.  If  tliis  fails,  try  faradisation  of  tlie  cesophagus. 

3.  As  a  last  resort,  give  intra-ccsophagcal  galvanisation  of 
feeble  intensity,  or  if  the  sj-mptoms  warrant  it,  proceed  to 
the  electrolytic  treatment  used  in  oiganic  stricture.  Larot 
has  had  a  brilliant  success  by  this  latter  mctliod. 

531.  Organic  Stricture  of  the  Oesophagus. — Tlic  re- 
marks we  tiave  already  made  on  stricture  of  the  urethra  are 
applicable  to  stricture  of  the  oEsophaRiis. 

There  are  two  modes  of  operating,  by  linear  electrolysis 
and  circular  electrolysis. 

Linear  electrolysis  should  only  be  employed  if  other 
methods  fail.  It  is  practised  by  means  of  a  special  instru- 
ment like  a  urethrotome.  This  is  connected  to  the  negative 
pole. 

The  circular  method  has  given  most  excellent  results  in 
the  hands  of  many  operators,  Harvty,  Slrtoff,  Paslnikoff, 
Bergonil,  Ravaril,  Bordier  and  others. 

Harvey  employs  a  sound  with  an  olive  shaped  end. 
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W«  much  prefer  the  bougie  with  ring  sliapeJ  electrode, 
designed  by  Bergomi.  The  reasons  for  our  preference  we 
have  already  pointed  out  in  the  artkle  on  stricture  of  the 
urethra. 

The  tedmique  i»  the  same  as  for  stricture  of  the  urethra, 
the  olive  or  ring  being  connected  to  the  negative  pole.  The 
intensity  varies  between  lo  and  40  milliamperei. 

In  some  cases  it  may  be  necessary  to  apply  cocaine  to  the 
pharynx. 

53a.  Nervous  Vomiting. — We  have  already  described 
the  treatment  fur  ihc  ohstinale  vomiting  of  pregnancy. 
Nervous  vomiting  in  general  may  be  treated  in  the  same 
nunner. 

S<mmola,  Brtuner,  Tripier,  de  tVattevilU,  Apcsloli  and 
others  have  obtained  good  results  by  various  methods. 
Gaulier  and  Larat  follow  Semmola's  procedure,  and  their 
careful  observations  leave  no  doubt  as  to  the  value  of  Uic 
method. 

The  continuous  current  is  empIo>-ed,  a  small  positive  pole 
Ijeitig  applied  on  the  right  side,  over  the  interval  between 
tlie  heads  of  the  stemo-mastoid  muscle  and  above  the 
clavicle. 

The  negative  electrode  placed  over  the  pit  of  the  stomach 
should  measure  13  cm.  by  <j  cm.  Intensity,  8  to  10  milli- 
ampcrcs. — Duration,  10  to  30  minutes  several  times  in  the 
day. 

After  the  first  application  tlie  patient  should  be  able  to 
drink  a  cup  of  milk. 

The  technique  differs  but  little  from  tliat  which  Bordier 
has  laid  down  for  Ihe  vomiting  of  pregnancy. 

533.  Dilatation  of  the  Stomach. — Neuro-motor  Dys- 
pepsia. — Radio-diagnot«is  afTordit  but  little  help  in  this 
disease.  Occasionally  when  examining  the  thorax  we  may 
see  below  the  cardiac  shadow  a  more  transparent  area  in< 
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(licuting  the  position  of  the  stomach  distended  with  gas. 
Ltlvn  was  able  to  measure  tlie  ^toniaeh  by  making  tlie 
patient  swallow  a  hard  pill  containing  half  a  gramme  or 
more  of  sub-nitrate  of  bis^miith.  Such  a  pill  can  be  clearly 
teen  on  the  »creen.  Tlic  paliciit  is  first  placed  in  a  vertical 
position,  and  tlic  projection  of  the  pill  is  marked  on  the 
skin.  He  is  then  placed  on  his  left  side  and  the  projection 
of  the  pill,  which  has  fallen  to  the  lowest  part  of  the  stom- 
ach, is  again  marked.  This  procesa  is  repealed  for  the  right 
side,  and  in  this  way  an  ortliodtagraphic  projection  of  the 
stomach  may  be  made  on  the  skin'. 

Bictir^s  iris-diaphragm  may  be  used  with  the  orthodia- 
graph described  in  par.  436.  The  patient  should  be  placed 
on  a  narrow  table  interposed  between  the  tube-holder  and 
the  screen. 

El(cirO'lhfTa{>etilics. — When  there  is  well-marked  dilata- 
tion of  the  stomach,  complicated  by  symptoms  of  auto-in- 
toxication, great  improvement  may  be  expected  from  stimu- 
lation of  the  unstriped  muscular  tissue  of  the  stomach. 

Two  methods  may  be  used: 

I.  Intra-stomachic  eUctrification  by  Max  Einhom's 
nMthod. 

An  olive  made  of  ebonite  and  pierced  with  holes  is  intro- 
duced into  the  stomach.  The  cavity  of  tlie  olive  is  pro- 
vided with  a  metallic  electrode  in  communication  with  a 
well-iiisulali.-d  flexible  clectro[^ore.  A  glass  of  water  b 
given  to  the  patient,  fasting,  and  the  olive  is  swal- 
lowed with  a  mouthful  of  the  liquid.  The  stomach  may 
then  be  faradised  by  connecting  the  olive  to  one  pole  of  a 
coil  and  passing  a  rolling  electrode  over  the  epigastrium. 
Or  it  may  be  galvanised  by  joining  the  oUve  to  the  cathode 
and  passing  the  anode  over  the  epigastrium. 

Tlie  electrode  may  be  easily  withdrawn  by  making  the 

»Leven.    Soci*t£  Biol.,  Oct.  25.  1903. 
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patient  sw-aUow  at  the  moment  whai  it  passes  Uw  pylorus. 

a.  Thg  cuianeous  method  U  more  frwiiienUy  employed 
and  often  gives  most  excellent  results. 

We  may  commend  llie  treatment  by  %[orton's  currents. 
1  have  often  had  occasion  to  witness  the  efficacy  of  this 
treatment,  especially  in  the  case  of  young  patients. 

The  active  electrode  is  a  hare  nictalltc  ball.  This  is 
connected  to  the  external  armature  of  the  condcnsor.  which 
is  suspended  from  the  positive  collector.  The  external 
armature  of  the  condenser  on  the  negative  collector  is 
earthed. 

Tlie  patient,  who  neerl  not  be  instdated,  is  placed  on  a 
couch,  or  lying  well  back  in  a  chair.  The  metallic  ball  is 
applied  to  different  points  of  the  epigastric  region,  chanijinj^ 
the  position  suddenly  and  not  gliding  it  along  the  idcin, 
which  wonld  cause  unnecessary  pain. 

The  intensity  may  be  regulated  by  altering  the  spark  gap. 
T(  slioidd  \rt  piisherl  to  a  point  which  causes  a  painful  sen- 
sation. The  contraction  of  the  abdominal  muscles  is  then 
very  obvioas.  Eructations  are  often  produced  during  the 
seance.  Duration,  15  to  20  minutes. — Seances  every  day  or 
every  two  days.  In  default  of  Morion's  apparatus,  we  may 
u«e  the  faradic  current,  the  Watievillc  current,  or  the 
sinusoidal  current.  The  indifferent  electrode  shotdd  be 
placed  on  the  back,  at  the  level  of  the  8th  dorsal  vertebra, 
while  the  active  electrode  is  passed  over  the  epigastric  region 
by  means  of  a  large  roller  or  pad. 

A  similar  method  may  he  a<lopted  in  the  treatment  of 
dyspepsia  without  dilatation,  due  to  neurasthenia.  In  this 
affection  the  stomach  is  distended  during  digestion,  bnt 
there  is  no  "clapotcment"  in  the  early  morning  when  the 
stomach  is  empty.  In  tliese  cases  we  may  apply  the  same 
treatment  as  in  dilatation  of  tlic  stomach,  in  addition  »o  the 
general  electrical  treatment  for  neunisClienia. 
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534.  Constipation. — One  must  distinguish  belwecn 
fJiabiliial  cunstipattun  and  that  which  is  due  lo  enterocolitis. 

Moreover,  habitual  constipation  may  itself  be  divided  into 
two  varieties,  the  one  resuliing  from  atony  of  tlic  inlesiinc 

[and  the  other  from  spasm  of  ttte  nnsiriped  muscle. 

The  great  error  of  medical  electricians  has  been  to  treat 

fall  constipations  as  atony  of  tlic  intestines. 

535.  Constipation  due  to  Atony  of  the  Intestines. — 
iTfais  form,  which  is  principally  met  with  m  aged  patients, 
\is  usually  accompanied  by  relaxation  of  the  abdominal  walls. 

The  contents  of  the  intestines  form  voluminous  masses. 
fTlicre  may  be  partial  spasm  in  addition  to  atony  of  the  in. 
stines,  in  which  case  tlic  spasm  has  probably  preceded  the 
l.atony,  and  it  should,  therefore,  be  treated  in  the  same  man- 
ner as  the  purely  spasmodic  variety  and  not  as  comiipaiion 
due  to  atony. 

In  addition  to  genera!  and  alimentary  Ingienic  trcat- 
Lnicnt,  the  patient  suffering  from  atonic  constipation  should 
pbc  subjected  to  systematic  gymnastic  exercise  of  the  intes- 
tines, in  order  to  restore  their  tone.  Massage,  Swedish 
g>-mn3Stics  and  vibro-thcrapy  arc  of  less  service  than  elec- 
trical treatment,  which  may  be  given  under  various  forms. 
^&  a.  Faradic  Current. — The  faradic,  or,  better  still,  the  gal- 
^■vano-faradic  current,  may  be  given  by  employing  two  ex- 
^K  tcrnal  electrodes  as  recommended  by  BinMikt,  Or  one  elec- 
^B  trode  may  be  introduced  into  the  rectum.  The  rectal  clcc- 
^1  trodc  may  be  a  metal  olive  as  used  by  Erb,  or  a  liquid  enema 
^■as  recommended  by  Boudet. 

^H  Benidikfs  procedure  consists  in  placing  a  large  anode  on 
^^  the  lumbar  region  and  passing  a  small  cathode  over  the 
region  of  the  caecum  and  colon. 

The  intensity  of  the  current  is  pushed  as  far  as  the 
^patient  will  bear. 
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Intro-rectal  faradisation  by  Erb's  nuthod  consists  in  b- 
troducing  an  oliv«  shaped  ckctrodc  for  a  distance  of  6  to  8 
cm.  into  the  rccttun.    The  conducting  bougie  is  connectl^d  toj 
one  cud  of  the  cml,  while  lite  other  electrode  is  placed  oq 
the  abdomen  or  lumbar  r^on. 

Boudel's  mtlitod.  by  means  of  an  enema,  is  described 
the  article  on  intestinal  occlusion. 

b.  Gah'Onic  Current. — For  constipation  tlie  galvanic  cur- 
rent Khduld  be  used  in  its  variable  form,  intcrmiitaiiccs  and 
reversals  of  the  current  being  produced  by  means  of  a  metro-  ^ 
nome.    The  inteuMty  should  be  pushed  to  the  limits  of  tol-fl 
eraucc.    Either  the  cutaneous  or  the  rectal  method  may  be 
employed.     In  the  former,  the  passive  electrode  is  placedj 
on  the  lumbar  region,  and  titc  active  electrode  is  passed  ov.: 
tlic  region  of  the  c»cuni  and  colon,  and  more  cspcciailyJ 
over  the  left  iliac  fossa.     In  the  intra-rccta!  method  either' 
an  olive  or  an  enema  may  be  used  in  the  same  manner  as 
for  tlie  faradic  current, 

c,  Herlsian    FronkJiitisalion. — Morton's    rurrents. — Tht\ 
treatment  by  Morton  s  currents  tends  to  replace  the  pre- 
ceding methods,  as.  owing  to  tlielr  powerful  influence  on  the 
unstriped  muscular  lisftue.  the  result?  are  more  rapid. 

Patients  with  atonic  constipation  usually  also  suffer  fromi 
dyspepsia  and  dilatation  of  the  stomach.     In  these 
treatment  by  Hertzian  frankltnisation  is  particularly  indi 
cated. 

Morion's  currents  sliould  at  first  be  applied  by  tlie  cutane- 
ous method.  If  iJiis  fails  the  intra-rcctsl  method  may  be 
adople<l.  The  cutaneous  method  is  carried  out  in  the  man- 
ner ileseribcd  for  dilatation  of  the  stomach.  The  metal  ball 
should  be  moved  from  place  to  place  over  the  region  of  the 
cscum  and  colon  and  the  left  iliac  fossa.  The  balls  of  the 
spsrk  gap  should  be  gradually  separated  until  we  feel  thoK 
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well-marked,  dcep-scatcd  nias&ivc  coniracttons  which  char- 
acterise tlic  action  of  the  Morton  curraiu. 

The  intra-rectal  application  is  made  by  means  of  elec- 
trodes of  various  shapes.  That  of  Bordier  is  very  conveni- 
ent. It  consists  of  a  metal  rod  covered  by  an  ebonite 
sheath,  and  ending  in  a  bare  metal  cylinder,  which  consti- 
tutes tlic  electrode.  A  haiulte  placed  at  an  angle  of  yo'  on 
this  rod  allows  the  patient  to  hold  it  in  [Kisilion  himself. 
The  electrode  is  provided  with  a  hook  which  connects  it  by 
means  of  a  chain  to  the  positive  condcnsor  of  Morton's 
machine.  Tlie  cliain  of  the  negative  condenser  is  earthed, 
and  the  patient  is  not  insulated.  Tlie  duration  of  the  seance 
is  lo  to  15  minutes. 

536.  Spasmodic  Constipation. — This  form  of  constipa- 
tion.  which  is  more  fre<iuent  in  young  subjects  suffering 
from  neuropathy  or  neurasthenia,  has  been  particularly 
studied  by  Dellurm,  who  published  an  inaugural  tlic^is  on 
the  subject  in  1903.  Tn  these  cases  the  faeces  are  in  the 
form  of  a  thin  ribbon,  or  brdcen  up  in  smalt  tiard  nut-like 
masses. 

Active  treatment,  which  gives  such  good  results  in 
atotiic  constip-ition,  is  useless  in  tlie  spasmodic  form,  lliese 
cases  arc  best  treated  by  soothing  means,  compresses,  emolli- 
ent baths,  or  «^ious  cnemata  of  olive  oil.  Even  massage 
•hould  not  be  used  in  these  cases,  or  only  in  the  form  of 
cADcuragc.    (Maseran.  Froussard.) 

Delherm  made  experiments  on  guineji  pigs,  which  wei« 
submitted  to  radioscofwc  examination  after  the  introduction 
of  bismuth  sub-nitrate  into  the  large  intestines.  lie  found 
that  even  cutaneous  electric  stimulation  produced  a  tern* 
porary  constriction  of  the  intestine.  Thus  cleciric  treatment 
can  only  augment  the  s)>asm  in  these  cas«s.  Still  more  arc 
intra-rectal  applications  or  electric  enemas  contra-indicated. 

Clinical  experience  shews  that  after  some  apparent  tem* 
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porary  imprm-ement,  the  electric  enema  aggravates  the  con- 
dition of  the  patient  suffering  from  spasmodic  constipation. 
The  following  i;t  die  tcchuiqiic  prescribed  by  Delhtrm  and 
Laquerriire  in  cases  of  spasmodic  consti]iation : 

1.  The  intestine  is  galvanised  by  currents  of  high  in- 
tensity applied  by  means  of  Uvo  large  cIcclTodes  of  at  least 
200  sq.  cm.  applied  one  on  the  abdomen  aiid  the  other  on 
the  lumbar  region. 

2.  The  faradic  current  may  be  combined  with  the  gal- 
vanic current,  using  a  fine  wire  coil  and  rapid  interruptions. 
The  best  mctliod  is  to  use  the  Wattevillc  current,  whidi 
consists  of  the  two  currents  applied  simultaneously  by  the 
same  electrodes. 

Tlic  circuit  is  joined  up  so  that  the  coil  may  be  in  series 
with  the  galvanic  circuit,  and  the  two  currents  in  the  same 
direction. 

Tlie  rheostat  or  potential  reducer  in  the  galvanic  circuit 
is  adjusted  so  as  to  give  50  to  150  milliampcrcs,  after  which 
the  faradic  waves  are  gradually  introduced,  using  a  very 
fine-wired  coil  and  as  rapid  a  break  as  possible,  Tlie  direc- 
tion of  the  current  is  of  no  great  importance.  Duration,  to 
to  15  minutes  without  rever.sal  or  intermis.*ion. 

It  may  seem  singular  that  the  gal vano- faradic  current 
employed  by  Erb  and  Brotse  for  atonic  constipation  is  also 
found  useful  in  spasmodic  constipation. 

For  the  treatment  of  intestinal  atony  we  endeavour  to 
provoke  deep,  slow  contractions  of  ttic  muscular  coat,  such 
as  are  prodiKcd  by  tlie  Walteville  cttrrents  with  a  coarse- 
wired  coil  and  slow  interruptions. 

The  Watleville  current,  however,  acts  in  a  perfectly  diCEer- 
eut  manner  when  a  fine-wired  coil  and  a  rapid  break  is  used. 
We  get  a  fine  tremulous  action  which  does  not  stimulate 
the  muscular  coat  lO  contract,  but  exhausts  its  irritability 
and  diminishes  its  sensibility. 
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There  arc  thus  two  distinct  methods  of  using  the  Wattc- 
ville  current.  In  the  tirst  nn'thixl  wc  use  a  coarscwired  coil 
and  slow  interruptions.  In  the  second  we  use  a  strong  gal- 
vanic current,  and  a  feeble  faradk  current  from  a  fine-wired 
coil,  with  high  frequency  of  interruption. 

Tile  lirst  method  is  to  be  used  in  atony  of  tlie  bowels  and 
the  second  in  the  treatment  of  spasmodic  constipation,  llierc 
is  a  similar  distinction  in  the  treatment  by  mass^c.  In  the 
atonic  form  we  use  deep  massage  in  order  to  provc^ce  con- 
traction of  the  bowels,  whereas  in  the  spasmodic  form  we 
m.ike  use  of  cfflcitrage  and  light  vibratory  massage  to  dimin- 
ish the  irritability  of  (he  bowel.  In  a  similar  way  a  rail- 
way journey  often  arrests  the  diarrhoa  of  tuberculous  pa- 
tients.   {Trouiitau.) 

In  spasmodic  constipation  with  neurasthenia  we  may  em- 
ploy the  static  breeze  over  the  iliac  fossa. 

537.  Muco-membranous  Colitis. — Doumer  and  Dtlherm 
have  both  made  a  special  study  of  mnco-membranous  colitis, 
a  disease  characterised  by  constipation,  spasm  of  the  intes- 
tines, pain,  and  the  prc«ncc  of  a  glairy  or  muco-mcnibra- 
nous  discharge  in  llie  stools.  In  some  instances  there  are 
periodic  crises  of  diarrhcEa,  and  in  rarer  cases  the  diarrhcea 
is  permanent. 

The  treatment  should  be  of  a  sootliing  nature,  as  for  spas- 
modic constipation. 

J.  The  abdomen  may  be  galvanised.  Two  plates  of  60 
to  80  sq.  cm.  are  placed  one  in  either  iliac  fossa,  and  con- 
nected to  the  two  terminals  of  tlic  battcrj".  Or  the  two 
plates  may  be  connected  in  parallel,  while  the  indifferent 
electrode  is  placed  on  the  loins.  This  method  should  be 
employed  when  the  colitis  is  accompanied  by  diarrhoea  or 
pain.  {Delherm.)  Doumer  employs  the  same  method,  using 
two  pads  6  centimetres  in  diameter  placed  in  tlie  iliac  foMat 

The  direction  of  the  current  should  be  frequently  charged 
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by  diminishing  it  gradually  to  zero  and  then  increasing  it 
sloK'ty  in  the  0[^iitG  direction.* 

2.  Tlw  intestine  may  be  treated  by  Delherm's  tnelliod,  a 
in  the  treatment  of  spasmodic  constipation. 

In  all  cases  of  constipation,  whatever  the  form,  the  pre- 
vious trealmenl  by  bxalive.«  or  enemata  should  only  be  slow- 
ly abandoncil.  .-Vccording  to  Delkcrm  it  requires  over  30  se* 
ances  to  produce  a  durable  result,  beginning  with  daily 
seaiices  ami  gradually  reducing  the  number  to  one  a  week. 

It  is  difTictilt  to  determine  what  is  the  exact  mode  uf  action 
of  the  currents  00  the  intestines  in  cases  of  colitis.  Expe- 
rience shews  that  there  is  hypersecrelion  from  iHe  intestinal 
glands  under  the  influence  of  the  continuous  currenUs.  Gal- 
vano-faradic  currents  from  a  fine-wired  coil  witii  frequent 
interruptions  also  augment  the  secretion,  probably  10  con- 
sctiiience  of  gentle  massage  of  the  walls  of  the  bowels. 

Probably  also  the  current  exercises  a  specific  action  on 
the  solar  plexus.  In  an  interesting  work  published  in  1904 
Truiile  endeavours  to  formulate  ttie  precise  action  of  the 
liifTcrcnt  forms  of  the  electrical  current  on  the  intestines. 
The  question  still  remains  in  the  debatable  stage,  and  we 
have,  ilierefore,  only  given  the  clinical  results. 

53S.  Intestinal  Occlusion. — It  is  well  known  how  dif- 
ficult it  is  to  diagnose  the  cause  of  the  occlusion  when  we 
arc  called  on  to  treat  a  patient  who  can  pass  neither  faeces 
nor  wind.  This  is  occasionally  the  case  even  after  an  ex- 
ploratory laparotomy.  Before  proceeding  to  a  surgical 
operation,  we  should  have  recourse  to  t!ie  dectrical  enema, 
a  mode  of  treatment  which  has  often  given  most  excellent 
results. 

Technique  of  tkf  fleetncal  etiema. — It  is  due  to  the  la- 
bours of  Boudel  of  Paris  that  tlie  technique  of  the  trcat- 

■  Donnier.  Annates  d'Elcctrobiolog}-,  Maj  and  June,  igoi. 
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mmt  of  occlusion  has  been  perfected.  The  faradic  current 
liad  been  previous!)'  miploycd  by  Leroy  tfElioUcs  in  1825, 
and  by  Duchenne,  of  Boulogne,  and  Bucquoy,  in  1878.  The 
galvanic  current  had  also  been  employed  by  Leroy  d'Eliollcs 
in  1876.  It  was  in  1884  tliat  Boudel,  of  Paris,  published  tlie 
results  of  his  treatment,  which  has  since  become  classic. 
His  method  guards  against  the  accidents  which  were  pre- 
viously loo  coiiunon,  the  most  formidable  of  which  was  ihe 
sloughing  of  the  intestine  when  tbe  current  was  passed  into 
the  rectum  by  means  of  metal  electrodes. 

Boudet's  method  consists  in  introducing  a  large  quantity 
of  saline  solution  into  the  rectum  by  means  of  a  canula  of  his 
own  design.  The  current  is  passed  bctivccn  this  intra-intes- 
tiiial  liquid  electrode  and  an  :ibdominal  eU-clrode. 

Boudefs  sound  or  canula  consists  of  a  metallic  tube  of  lead 
or  flexible  metal  insulated  by  a  sheath  of  hardened  rubber. 

The  insulating  tube  is  longer  than  the  lead  lube.  It  is 
perforated  near  the  extremity  by  a  lateral  aperture  and  is 
connected  by  means  of  an  india-rubber  tube  to  a  large  irri- 
gator holding  2  litres.  The  inner  lead  tube  is  connected  to 
the  electric  source  by  means  of  an  insulated  wire.  In  June, 
Igor.  LacaiUe  exhibited  to  the  Socictc  d'Electrotherapic  a 
sound  in  which  the  leaden  tube  is  replaced  by  a  spiral  brass 
spring. 

The  abdominal  dectro<Ic  should  measure  at  least  200  sq. 
cm. 

Each  electrode  is  joine<l  to  one  pole  of  the  battery,  and 
the  current  rcvcrscr  is  turned  so  as  to  connect  the  sound  to 
the  negative  pole.  The  sound,  well  coated  with  vaseline,  is 
then  passed  into  the  rectum.  It  may  be  difficult  at  tirst  to 
introduce  it  for  its  whole  length,  but  the  difficulty  may  be 
overcome  by  allowing  some  of  the  saline  solution  to  flow  into 
the  bowels.  The  sound  will  then  he  found  to  slip  forA'ard 
when  a  little  gentle  pressure  is  used. 
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Wiicn  tbe  sound  is  in  place,  about  a  litre  of  the  saline  solu- 
tion is  allowed  to  enter  the  bowel.  Tlie  irrig^itor  is  then 
lowered  and  the  tap  turiieO  so  that  a  small  quantity  of 
water  may  continue  to  flow  into  the  bowel  during;  the  opera- 
tion. In  this  way  we  avoid  all  danger  uf  producii^  a  burn 
in  consequence  of  a  portion  of  the  liquid  becoming  isolated 
in  a  fold  of  the  bowel,  thus  reducing  tlie  volume  of  tlie 
liquid  electrode.  With  loo  little  water  there  is  a  sudden  fall 
of  intensity  of  the  electric  current,  whidi  immediatt-'ly  rises 
again  when  more  water  is  introduced. 

The  current  i»  turned  on  and  gradually  raised  to  -jo,  30  < 
40  milliamperes,  maintained  for  5  minuter,  and  then  gradu- 
ally reduced  to  zero.  The  current  is  then  reversed  so  as  to 
make  the  recta)  electrode  n<^live.  A  inclronome  with  5 
seconds'  interriiplion  is  now  introduced  into  tlie  drcuil.  and 
the  interrupted  current  is  gradually  increased.  In  ihts  way 
violent  contractions  of  the  abdominal  museles  arc  produced 
whilst  are  easily  fell  by  the  haml. 

When  a  metronome  is  not  available  we  may  employ  an 
interruptor,  or  use  tlic  reverser  as  an  inlemiirtor.  or  we  may 
malce  and  break  contact  between  (he  terminal  and  the  sound. 

This  may  be  continued  for  5  to  20  minutes,  acc<^rding  to 
the  effect  produced  and  the  condition  of  the  patient.  The 
liquid  will  be  expellw!  in  jerfcs,  shewing  the  effect  of  the 
current  on  the  intestinal  pressure,  .-Xn  cvaaiation  may  occur 
immediately  after  the  enema  has  been  given,  or  more  fre- 
quently in  the  course  of  two  or  thrc«  hours.  If  tlicrc  is  no 
restdt  the  operation  may  be  repeated. 

Indications  and  contrthindications  for  the  electric  enema. 
-~Painttvin  has  slicwn  us  how  to  disiinguisli  between  me- 
chanical occlusions,  mechaiw-d>"namic  occlusions  and  dyna- 
mic occlusions.  Among  mecliancial  occlusions  are  volvulus, 
torsions,  invagination,  abnonnal  flexion,  bridles,  rings,  tu- 
mours, etc. 
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The  utility  of  the  electric  enema  has  sometimes  been  con- 
tested in  cases  of  mechanical  occlusion.  If  the  mechanical 
obstacle  i&  not  very  strong;,  moderate  contractions  ma)'  over- 
come it.  Moreover,  tticrc  is  a  diminution  of  meteorism  un- 
der the  action  of  the  current,  as  tliough  there  were  some 
resorption  of  gas.  It  h  essential  to  act  promptly  and  pru- 
dently, so  as  not  to  interfere  with  surgical  intervention  if 
this  should  become  necessary. 

The  electrical  enema  is  more  certain  of  succes:S  in  the 
second  form  of  occlusion,  when  there  is  a  mechanical  ob- 
stacle insufficient  of  itself  to  cause  occlusion,  with  spasm  of 
the  gut  around  the  obstacle,  or  atony  of  the  intestine  behind 
it.  This  form  is  found  in  patients  suffering  from  biliary  cal- 
culi, intestinal  worms,  or  cancerous  lesions  which  form  an 
incomplete  obstacle. 

The  electric  enema  is  still  more  efficacious  in  die  tlnrd 
form,  where  the  occlusion  is  wholly  d>namic.  Thus  the 
obstruction  due  to  chronic  constipaliou,  whetlier  due  to 
spasm  or  atony  of  the  bowel,  is  speedily  relieved. 

The  only  contra-indication  to  its  use  is  the  presence  ol 
ulceration  or  perforation  of  tlic  intestines  accoro|)anied  by 
severe  peritonitis  or  collapse. 

Peritonitis  alone,  unaccompanied  by  perforation,  is  no 
contra-indication  to  its  use,  since  all  cases  of  occlusion  arc 
accompanied  by  a  certain  amount  of  peritonitis. 

A  second  contra-indication  is  suppuration  and  adhesions 
of  nci^bouring  organs,  since  the  electric  enema  might  pro- 
duce rupture  of  the  adhesion.  The  use  of  the  electric  enema 
is  contra-indicated  when  the  patient  is  prqpnant.  The  risk 
is,  however,  only  comparative.  There  is.  it  is  true,  a  risk  of 
producing  abortion,  but  this  may  be  nea-ssary  in  order  to 
save  the  mother. 

539.  Prolapsus  of  the  Rectum. — The  galvanic  current 
is  very  efficacious  in  this  affection. 
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Th«  prolapsus  should  be  reduced  in  the  usual  manner.  A 
cathode  consisting  o£  3n  olivc-shapcd  cl«trodc  surrounded 
by  cottoti-wool  is  placed  over  the  anus,  while  the  anode  is 
placed  over  the  loins. 

The  current  nuy  be  gradually  raised  to  zo  or  30  milli- 
ampcres  for  5  minutes,  and  the  seances  repeated  every  other 
day. 

54a  Paralysis  of  the  Sphincter  Aoi. — In  this  affection 
ekctrical  Ircatmenl  is  almost  always  successful,  except 
where  the  paralysis  is  of  spinal  oriRin.  The  rhytJinuc  faradic 
current  is  »iscd,  with  30  beats  of  the  metronome  per  minute. 
{Bordier).  An  olive-shaped  electrode  is  introduced  into  the 
anus,  or  the  rectal  nianometric  electrode  designed  by  Bct' 
gonie  may  be  used.  This  is  a  hollow  ebonite  cylinder  with  a 
metallic  armature  at  its  eittrcmity.  Tlic  cylinder  ts  pierced 
by  two  windows  and  contains  the  ball  of  one  of  Poiain's 
sphygmo-manomctcrs,  the  thin  walls  of  whidi  arc  in  contact 
with  the  windows  in  the  cylinder.  In  this  way  the  force  of 
the  contractions  may  be  measured. 

541.  Hsemorrhoids. — Ooiimtr  was  the  first  to  employ 
hi^  frequency  currents  in  tlie  treatment  of  lucmorfhoidit. 
We  may  use  Oudin's  electrode  with  glass  baiidle,  or  die 
cone-shaped  metal  electrode  designed  by  Doumer.  1  prefer 
the  latter,  since  by  its  means  wc  may  dilate  tlie  anus,  taking 
advantage  of  the  anastbesia  caused  by  the  high  frequency 
currents.  It  has  the  further  advantage  of  being  painless 
even  with  the  full  intensity  of  the  current,  and  it  is  not  Ha- 
bic  to  get  broken.  The  electrode  is  jmncd  up  to  some  form 
of  resonator,  either  helix,  coil  Or  spiral.  The  following  is 
the  method  I  adopt:  1  place  the  patient  in  titc  gynjecologi- 
cal  position,  taking  care  to  have  my  movable  tabic  of  dis- 
tribution close  to  the  patient. 

I  start  the  high  frequency  apparatus  first  of  all  and  I  take 
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electrode  connected  to  the  spinal  in  my  hand  to  make 
sure  that  all  is  working  well. 

I  turn  off  the  current,  and  gently  introdtice  the  electrode, 
well  covered  with  vaseline,  into  the  anus.  I  then  turn  on  the 
current.  In  this  way  I  avoid  the  sparking  which  occur:^  on 
bringing  the  clectiode  near  the  patient.  Seances  of  5  to  to 
minutes  inay  be  given  three  times  a  week. 

It  is  very  rare  that  one  docs  nut  get  some  improvement  by 
this  treatment,  although  [lie  results  are  mucti  more  rapid  in 
acute  eases  than  in  cJironic  hxniarrhoids. 
"  542.  Fissure  of  the  Anus. — DoNtitfr  was  also  the  first 
to  point  out  the  excellent  results  obtained  by  high  frequency 
treatment  in  fissure  of  the  anus.  Me  uses  an  electrode  with 
a  thick  glass  handle.  This  should  be  well  lubricated  wttli 
vascliiK  and  passed  well  up  into  the  rectum,  so  as  to  be  in 
contact  with  the  whole  breadth  of  tlie  sphincter.  In  ner- 
vous patients,  when  the  introduction  is  too  painful,  it  may 
be  well  to  alk)w  the  electrode  to  rest  on  the  margin  of  llie 
anus  until  anxsthcsia  is  produced.  The  intensity  sliould  be 
increased  very  gradually.  We  may  also  employ  Doume/s 
conical  electrode,  which  has  the  further  advantage  of  dilat- 
ing llic  sphincter.  It  seems,  however,  iliat  the  short  sparks 
which  come  from  the  glass  electrode  have  a  beneficia)  influ- 
ence in  tliis  affection. 

A  seance  of  3  to  to  minutes  may  be  given  three  times  a 
week.    The  results  arc  usually  rapid. 

543.  Pruritus  Ani. — Pruritus  Ani  may  be  treated  ac- 
cording to  the  general  principles  laid  down  in  par.  478.  \'ery 
satisfactory  results  may  be  obtained  by  the  use  of  high  fre- 
quency currents  applied  by  means  of  a  coinlcnsing  electrode 
introduced  into  the  anus,  as  for  cases  of  fissure.  The  se- 
ance may  be  tenninated  by  elBeuvatio«  of  the  whole  rc^on. 


CHAPTER    Xn. 
DISEASES  OP  THE  EYES. 


544.  Trichiasis. — This  affection  should  be  treated  by 
epilation  by  iiteans  of  electrolysJ*.  Th«  qicration  is  the 
same  as  for  general  epilation.  A  steel  needle  is  introduced 
into  the  follicle  parallel  to  the  cye-la&h.  A  current  of  2 
milliainpercs  is  passed  for  20  or  30  seconds.  Before  the 
operation  it  is  advisable  to  procure  local  anesthesia  by  the 
use  of  cocaine. 

545.  Trachoma. — Tliis  affection  may  be  treated  by 
pricking  each  granulation  with  a  steel  electrolytic  needle. 
The  procedure  is,  however,  vety  lainfu).  Treatnicnl  by 
copper  electrolysis  may  also  he  employed.  A  small  copper 
electrode  of  special  construction  is  connected  to  the  positive 
pole.  Tile  indifferent  cathode  is  placed  on  tlie  nape  of  the 
neck.  W^c  may  pass  from  2  to  4  niilliampcres  for  i  to  3 
minutes,  moving  the  active  electrode  contintiidly  to  obviate 
any  adherence  of  the  electrode  to  the  tissues. 

54C).  Entropion. — 'Die  best  treatment  of  this  affection 
is  the  electrical  one.  A  steel  needle  should  be  introduced 
parallel  to  the  free  border  of  the  lid,  from  one  to  three  mil- 
limetres from  the  edge.  This  should  be  connected  to  the 
negative  pole,  the  indifferent  anode  being  placed  on  the  nape 
of  the  neck.  A  current  of  5  to  8  milliamperes  is  passed  for 
6  to  8  minutes.  The  cicatricial  retraction  following  this 
operation  raise:'  the  edge  of  tlic  lids.  This  residt  is  notice- 
able in  about  a  fortnight.  If  this  is  not  obtained  tlie  opera- 
tion may  be  rcpeateii. 

547-    Xanthelasma. — This  affection  may  be  treated  ac- 
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cording  to  the  method  described  for  xanthoma  (par,  490.)  A 
negative  needle  is  introduced  into  tlie  patch,  parallel  to  the 
skin,  and  this  is  connected  to  the  negative  pole.  A  current 
of  6  to  10  milliampcrcs  is  passed  for  2  or  5  minutes.  Several 
parallel  punctures  at  a  distance  of  0  null  iinci  rev  may  be 
made  during  the  same  seance.  The  slough  comes  away  in 
about  ten  days,  and  the  operation  may  be  repeated  if  neces- 
sary after  a  fortnight's  interval. 

548.  Blepharitis. — Freutid  aitd  S<hiff  obtained  tin 
cure  of  blepharitis,  both  of  the  squamous  and  ulcerative 
varieties,  by  means  of  a  few  radiothcrapcutic  seances  with 
a  hard  focus  tube.  It  is  not,  however,  necessary  to  use  a 
hard  tube.  As  in  all  cases  where  we  desire  to  act  superfi- 
cially, rays  of  penetration  Nos.  4  and  5  are  indicated.  It 
should  not  be  forgotten  that  the  chemical  rays  of  the  spec- 
trum and  probably  al-w  the  X-rays  arc  capable  of  producing 
blepharitis.  It  is  advisable,  therefore,  to  act  with  prudence 
in  the  application  of  the  treatment. 

541).  Stricture  of  the  Lachrymal  Ducts. — This  affec- 
tion may  also  be  treated  by  electrolysis.  It  was  first  prac- 
tised by  Tripier  and  Desmarres,  and  has  been  modified  by 
Lcgrange,  whoje  method  is  one  to  be  followed. 

He  uses  a  Bati-nuin'x  sound  of  silver,  iii&ulatcd  up  to  a  dis- 
tance of  3  centimetres  from  its  end  by  a  coat  of  insulating 
varnish  to  protect  the  lachrymal  canaliculi  and  the  edge  of 
the  lid.  The  current  is  gradually  raised  to  5  milliampere«, 
maintained  at  tliis  level  for  four  minutes,  and  decreased 
gradually  to  zero.  Seances  may  be  repeated  every  8  to  10 
days,  the  duct  being  treated  in  the  interval  with  antiseptic 
injections. 

550.  Paralysis  and  Spasm  of  the  Ocular  muscles. — It 
is  unpossibic  to  test  the  ocular  muscles  for  purposes  of  diag- 
nosis. Contraction  rn  maue  may  be  induced  by  applying 
one  electrode  to  the  closed  eye-lids  and  the  other  to  the 
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napt  of  the  nedt.  This  method  may  be  employed  in 
peripheric  paralytis  a  frigore,  of  rheumatic  or  traumatic 
origin. 

The  continuous  current  may  also  be  used.  The  cathode 
should  be  applied  to  the  eye-lids  and  a  current  of  3  to  5 
mtUiamperes  passed  for  6  to  10  ntinutes.  Or  the  rhythmic 
faradic  current  may  be  empkjyed  with  a  batton-shaped  cath- 
ode applied  as  near  as  possible  to  the  paralysed  muscle.  The 
duration  of  the  seance  should  be  five  minutes,  and  the  in- 
tensity may  be  pushed  tilt  we  get  forcible  contraction  of  the 
orbicularis  palpebrarum. 

Spasm  of  the  ocidar  muscles  may  be  treated  by  the  con- 
tinuous current,  or  in  hysterical  cases,  by  the  electrical  treat- 
mcnt  appropriate  to  its  cause. 

551.  Keratitis — Leucoma — Corneal  Opacity. — Varioiis 
observers  have  obtained  excellent  results  in  tlie  treatment 
of  parenchymatous  keratitis  accompanied  by  ulceration  or 
pannus.  The  eye  is  submitted  to  the  action  of  the  continu- 
ous current  with  the  cathode  on  the  eye-lid.  A  current  of 
3  to  5  milliampercs  may  be  used  for  15  to  20  minutes. 

Opacities,  even  of  long  standing,  arc  amenable  to  this 
treatment.  Two  remarhable  cases  of  success  attained  by 
Gautier  and  Loral  are  reported  by  Arcoleo. 

Some  authorities  apply  the  current  directly  to  the  cornea 
by  means  of  a  small  electrode  of  cotton-wool,  a  sponge,  or  a 
camel'.*  hair  bnish.  Laral  and  otliers  prefer  an  active 
catliode  of  cotton-wool  applied  to  the  closed  eye-lids,  witli 
a  current  of  6  to  8  milliamperes  for  5  minutes. 

In  commenting  on  some  successful  cases  by  this  method 
Larat  says:  "It  is  probable  that  the  vitality  of  the  cornea  is 
increased,  and  that  the  cellular  exchanges,  usiially  so  slow 
in  the  cornea,  are  stimulated  so  as  to  produce  absorption  of 
the  cells  which  have  been  infiltrated  by  previous  inHamma- 
lory  action." 
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^F       552.    Iritis  and  (rido-choroidltU. — Galvani»ati<Mt  should 

H     be  used   in   thi;^  disease   according  to   the   method  &dvo- 

H     cated  by  Dr.  Pansier,  of  Avignon.    An  anode  is  placed  on 

^     the  mastoid  process  and  a  cathode  on  the  closed  eyc-Iids. 

I         A  current  of  2  to  4  railliampcre*  may  be  given  with  a  dura- 

^P    lion  of  20  to  25  minutes.    A  drop  of  atropine  should  pre- 

"     viously  be  instilled  into  the  eye.     The  treatment  results  in 

an  immediate  cessation  of  pain.     In  cases  of  old  iritis  with 

synechtx  there  is  a  partial  or  total  breaking  down  of  the 

adhesions. 

553.  Opacity  of  the  Vitreous  body. — Giraud-Teuhn. 
,  Onimus,  Boucheron,  Abadie  and  Trrjon  have  obtained  iin- 
^B  doubted  good  results  in  the  treatment  u(  opacities  of  the 
^  vitreous  body.  Giraud-Teulon  applies  an  anode  on  the  eye- 
lids and  a  cathode  on  tlie  mastoid  process. 

Onimus,  on  the  contrary,  places  the  cathode  on  the  lids 
and  an  anode  on  the  superior  ccr\'ical  ganglion  of  the  sym- 
pathetic. 

It  does  not  appear  that  the  direction  of  the  current  is  of 
any  great  importance,  so  long  as  the  transparent  media  of 
the  eye  are  situated  in  tlic  field  through  which  the  lines  of 
electric  flux  pass.  A  current  of  3  to  4  milliamperes  should 
be  given  for  3  to  5  mintrtcs.  Borditr  recommends  3  to  5 
milliamperes  for  3  to  5  minutes,  repealed  three  times  a  week. 
Abadie  and  Terson  have  obtained  surprising  results  by  elec- 
trolwis  practised  by  means  of  a  needle  thrust  into  the  vitre- 
ous body  for  a  depth  of  8  millimetre*. 

554.  Glei\icoaa.—AUard  galvanises  the  sympathetic  in 
the  neck.  He  places  the  anode  along  the  whole  length  of 
the  ccn-ical  sympathetic,  the  cathode  being  placed  on  the 
back  of  the  neck  of  the  opposite  side.  Intensity.  15  to  ao 
milliamperes. 

The  results  are  often  remarkable.    In  all  the  cases  treated 
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by  Ailard  the  pain  has  rafncUy  diminished,  and  in  some  in- 
stances tlic  vision  lias  been  improved.  In  two  cases  nortnal 
acuity  oi  vision  returned. 

Oilier  operaton  galvanise  tlte  eye-ball  directly  by  meant 
of  ail  anode  applied  on  the  e>'e-lids.  Intensity,  4  to  6  mil- 
liampercs;  st-ancfs.  10  to  15  minutes,  repeated  daily. 

555-  Detachment  of  the  Retina. — The  detachment  of 
(he  retina  is  due  10  tlic  presence  of  liquid  between  the  retina 
and  the  choroid.  Treatment  should  be  directed  so  a.i  to 
cause  the  absorption  of  this  liquid.  Electrolysis  occupies  the 
foremost  plate  in  this  respect,  and  when  the  detachment  is 
recent  it  offers  a  good  chance  of  success. 

Cillet  and  Grandmonl  published  an  interesting  case.  Tcr- 
son  especially  has  demonstrated  the  good  results  obtained 
by  positive  electrolysis  in  this  affection.  A  platinum  needle 
is  passed  into  the  eye  so  as  to  reach  tlie  locility  of  detach* 
ment.  This  is  a  delicate  operation  and,  it  is  needless  to 
say,  can  only  be  performed  by  a  specialist.  In  consequence 
of  (he  difficulty  of  piercing  the  sclerotic,  which  is  depressed 
by  the  pressure  of  the  needle,  Gayel  and  Bordier  ti>ouiit  the 
needle  on  the  corneal  drill  designed  by  Mathien.  This  gives 
it  a  rapid  movement  of  roUtion  and  enables  it  to  pierce  the 
sclerotic  easily.  Wlien  the  needle  is  in  position  a  current 
of  5  milliainpeics  is  passed  for  one  minute.  The  first  cGfect 
of  this  is  to  coagulate  the  liquid.  According  to  Tcrson's  re- 
port, there  is  in  most  cases  a  temporary,  and  in  recent  cases 
a  permanent  improvement. 

556.  Optic  Neuritis — Atrophy  of  the  Optic  Papilla. — 
The  failure  of  all  other  modw  of  treaiinenl  wamnis  us  in 
trying  electricity  in  optie  neuritis,  although  the  intervention 
is  not  often  crowned  with  success.  Nevertheless,  good  re- 
sults have  been  published  by  Dor.  Erb.  P^uger.  Rutnpft  and 
Binedikt.  The  continuous  current  is  to  be  employed.  The 
active  cathode,  of  moistened  cotton-wool,  is  ji^accd  on  the 
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closed  eye-lids,  the  indifferent  electrode  I>eing  placed  on  the 
neck.  Intensity,  3  to  5  niilliampcrcs.  Duration,  7  to  8  miu- 
utes.    Seances  cverj-  day. 

The  application  may  be  lenninated  by  a  few  interruptions 
of  the  current  by  means  of  the  iiu-lronomc.  Erb  recom- 
mends, in  addition,  traverse  galvanisation  of  tbe  head,  with 
an  electrode  on  cither  Icraplc. 

There  bavc  been  ionic  reports  from  America  of  satisfac- 
tory results  from  treatment  with  X-rays,  but  these  have  not 
been  confirmed. 

557.  Foreign  Bodies  in  the  Eye. — A  long  chapter 
would  be  needed  to  fully  discuss  the  diagnosis  and  treatment 
of  foreign  bodies  in  the  eye.  Wc  can  only  give  a  few  indi- 
cations here. 

Diagnotii. — The  X-rays  arc  of  great  use  in  enabling  us 
to  determine  the  presence  of  foreign  bodies  in  the  orbit. 
When  the  foreign  body  is  in  the  cy«  itself  tlic  examination 
should  be  made  with  the  patient  in  ttie  sagittal  position.  The 
focus  tube  shoulfl  be  placed  so  that  the  normal  ray  may  fall 
just  behind  the  temporal  r^on,  and  the  screen  sltould  be 
placed  at  an  angle  of  30°  with  the  sagittal  plane  of  the 
patient's  head.  On  |Kige  <^2  of  Bouchards  Traite  de  Radio- 
logic Mcdicale  will  be  found  Guilioifs  article  on  the  localisa- 
tion of  a  foreign  body  in  the  eye,  by  observit^  its  parallax 
during  rotation  of  the  eye-ball. 

Radiography  enables  us  to  localise  a  foreign  body  with 
even  greater  precision.  We  may  use  the  Stereoscopic  method 
of  Marie,  tlie  procedure  of  Contremoulins.  or  the  method 
of  Gtiillos  or  Massiot's  compass.  A  description  of  these  may 
be  found  in  Guitlo^s  article' 

Extraction. — The  extracHon  of  a  foreign  body  from  the 
e>'C  beloi^s  to  the  domain  of  the  ocidist.  V\'hen  it  consists 
of  fragments  of  iron  and  steel  we  may  have  recourse  to  (he 
electro-magnet.     Either  the  large  magnet  of  Haab  may  be 

■  Sec  alM  tbe  thesis  of  Braunbcrger,  Pari^  1903. 
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used,  or  the  smaller  magnet  of  IJirschberg.  According  to 
Turk's  experiments,  both  of  these  instruments  have  an 
equal  action  when  placed  at  a  distance  of  i  millimetre  from 
the  foreign  body.  At  a  longer  disunce  the  smaller  magnet 
rapidly  loses  power.  The  larger  magnet  should  then  be 
used,  but  should  not  be  approached  suddenly  to  the  eye,  so 
as  to  avoid  any  tearing  of  the  wound  by  the  too  rapid  at* 
traction  of  the  steel  particles. 

In  the  long  standing  lesions,  if  the  foreign  body  is  in  the 
posterior  chamber  it  is  wiser  to  abstain  from  all  interven- 
tion. (Holmjlrdm).  The  extraction  may  cause  still  fur- 
ther traumatism. 

In  two  instances  fJotmslrom  has  seen  atrophy  of  the  eye 
follow  exhaustion.  He  has  also  met  with  a  case  of  detach- 
ment of  the  retina  occurring  after  sclerotomy  and  the  intro- 
duction of  Hirschberg's  magnet  into  the  vitreous  humour. 
He  prefers  to  draw  the  foreign  body  towards  the  iris  or  the 
anterior  chamber  by  means  of  Haab's  magnet,  extracting 
afterwards  by  a  keratotomy  and  tlie  use  of  Hirschber^s 
magnet* 

1  Archives  d"  EleclridU  Midicalc,  igot,  p.  6iJ7. 


CHAPTER    XIIL 
MALIGNANT  TUMOURS. 


H 
N 


558.  Sarcoma. — Sarcoma,  as  is  well  known,  is  a 
tumour  composed  of  embryonic  ctlls — ihal  is,  cells  whkh 
are  non-differentiaied  or  are  only  commencing  differentia- 
tion. This  fact  gives  to  sarcoma  an  appearance  like  con- 
nective tissue  (fasciculated  sarcoma),  or  myeloid,  or  osse- 
ous (osnfying  sarcoma,  epulis),  or  like  neuroglia  (glioma). 
Sarcoma  is  the  more  malignant  the  nearer  the  ccIIk  approach 
to  the  embryonic  type. 

Encephaloid  sarcoma,  which  is  the  most  malignant  tj-pe, 
consists  of  cells  whidi  are  entirely  embryonic  in  character. 

This  variety  in  the  nature  of  sarcoma  in  a  measure  ex- 
plains the  divergent  opinions  held  as  to  the  eJliL-acy  of  Ihc 
X-rays  in  its  treatment.  While  some  authors  deny  tliat 
sarcoma  is  influenced  by  the  X-rays,  others.  like  KUnbock. 
Morion,  Brocq,  Sabouraud,  Bcclcre,  Bisierti  and  Belot,  have 
adduced  positive  evidence  as  to  its  ^■aIue,  and  Hohkntcht 
goes  so  far  as  to  assert  that  sarcoma  is  even  more  amenable 
to  treatment  than  epithelioma. 

Opinions  also  differ  as  to  the  mode  of  application.  Betot, 
basing  his  experience  on  the  technique  used  in  Brocq's  clin- 
iquc,  recommends  massive  doses  of  7  H  to  10  H.  given  in 
one  or  two  seances.  He  found  that  a  sarcomatous  tumour, 
whicl)  had  been  treated  in  vain  by  a  long  series  of  small 
doses  at  short  intervals,  was  speedily  diminished  by  a  few 
massive  doses. 

To  determine  once  for  all  thi*  question  of  dose  some  sucit 
experiment  as  the  following  should  be  made:  One  scries  of 
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C2SCS  should  he  treated  durii^  two  months  by  15  exposurrJ 
of  1  H  or  2  H,  while  a  similar  series  should  be  treated  with 
massive  doses  of  to  H,  followed,  after  an  interval  of  six 
wcdcs,  by  another  of  5  H. 

This  question  of  dose  can  only  be  settled  by  a  compari- 
son of  resulti.  A  massive  dose,  i.^.,  the  maximum  r]uanttt]r 
which  is  compatible  with  the  integrity  of  the  superjacent 
tissues,  produces  withering  and  arrest  of  development  of 
embryonic  tissue.  The  withering  actkm  on  the  primary 
cells  is  shown  by  swelling  of  the  nucleus,  difficulty  of  stain- 
ing and  granular  degeneration  of  the  prot<^iasm.  We  ba^x 
already  seen  that  a  massive  do«e  produces  destruction  of 
the  hair  papilla  without  injury  to  tlic  epidermis  (496,  497), 
and  that  it  can  produce  azoospermia  witltoitt  injar)-  to  the 
integxunents  of  the  scrotum.  In  conscc|uence  of  the  greater 
susceptibility  of  rapidly  growing  cells,  it  is  conceivable  that 
wc  may  be  able  to  arrest  their  evolution  by  irradiation  with- 
out injury  to  the  normal  cells.  On  the  other  hand,  it  has 
not  been  proved  that  the  dose  must  necessarily  be  given  at 
a  single  silting.  Theoretically,  tlw  method  by  successive 
doses  is  just  as  likely  to  succeed. 

Experience  proves  tliat  tlie  effect  of  a  quantity  10  H  of 
No.  5  rays  is  exactly  the  same  whether  it  be  given  in  a  sin- 
gle dose  or  in  a  series  of  doses  at  short  intervals.  This 
assertion  is  subject  to  some  limitation.  There  is  no  doubl 
a  process  of  repair  Iwtweeii  each  exposure — a  repair  which 
is  useful  in  prcvcnling  injury  to  the  healthy  tissues,  bat 
may  also  diminish  the  destructive  effect  on  abnormal  tissue. 
1£  then  wc  decide  to  act  by  means  of  successive  fractional 
doses,  we  have  to  take  into  consideratioa  this  reparatire 
action. 

A  priori  we  should  expect  that  the  reparation  of  the  nor- 
mal cells  would  be  more  rapid  than  that  of  tlie  abnormal 
cells.    Abnormal  cells  develop  tn  spite  of  the  resistance  of 
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their  ncigtibours,  snd  tn  spite  of  the  ordinary  defence  of  tlie 
organism,  that  "vis  mcdicatrix  natuta;"  which  opposes  itself 
to  all  deviation  from  the  normal  type,  lliis  vis  mcdicatrix 
has  been  vanquished  in  its  opposition  to  the  growth  of  the 
tumour.  It  will  now  play  a  double  role;  it  will  aid  the 
reparation  of  the  healthy  cells,  and  it  will  at  the  same  time 
oppose  itself  to  the  reparation  of  the  abnormal  cells. 

Treatment  by  successive  doses  has  a  double  action,  de- 
pending on  the  inequality  of  the  destructive  action  of  the 
rays  on  lieallhy  and  diseased  tissue,  but  also  on  tlic  inequality 
of  their  reparation  under  continued  irradiation.  The  treat- 
ment by  massive  doses  depends  only  on  the  inequality  of  tlic 
destructive  action  of  the  rays  on  healthy  and  iniltealthy  lis- 
In  the  case  of  deep-scaled  tumours  the  superficial  tis- 

[M  will  absorb  the  more  active  rays,  and  thus  the  differ- 
ential action  on  normal  and  abnormal  structures  will  be  par- 
tially compensated. 

In  the  treatment  of  deep-seated  tumours,  therefore,  it  is 
better  lo  proceed  by  repeated  fractional  doses,  thus  calling 
to  our  aid  tlie  inequality  of  the  reparatory  processes. 

Morion,  of  New  York,  has  devised  a  special  procedure, 
which  ap5>cars  to  have  given  good  rcsulu  in  thejreatment 
of  sarcoma.  It  consists  in  the  injection  into  the  tumour  of 
a  solution  of  bichloride  of  quinine,  which  becomes  phospho- 
rescent under  the  action  of  the  X-rays.  The  tumour  is  thus 
exposed  simidtancously  to  the  action  of  the  X-rays  and  to 
the  violet  and  ultra-violet  rays  emitted  by  the  fluorescent 
salL 

Von  Tappeiner  noticed  that  certain  fluorescent  substances 
after  exposure  to  the  sun's  rays  become  toxic  to  the  lower 
organisms.  They  are  also  destructive  to  the  ciliary  motion 
of  the  epithelium  {Jakohson,  lodlbautr).  A  5  per  cent 
aqueous  solution  of  eosine  is  very  eflicacioux  in  this  respect. 
By  its  use  Jakobson  aixl  Jodlbauer  have  sucessfully  treated 
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certain  tnfecUous  (Icniiatoses,  sudi  as  lupus,  cancer  and 
sj'philis.  During  tlic  day  the  affected  part  was  exposed  to 
the  sun  under  a  bandage  iiiiprcgnatcd  with  Huorcsccnt  solu- 
tion, while  during  the  iiiglil  it  wa  covered  witli  a  plaster 
of  oxide  of  zinc' 

559.  Epithelioma — Carcinoma. — It  we  may  rely  on 
the  very  conipittc  l)il)!iugr;ii)h>  given  l>y  Belot.  it  would 
appear  that  Uie  first  experiments  for  the  radtotherapcutic 
treatment  of  cancer  were  nia<k  bv  Des/^cigHcS,  of  i.yon.  in 
1896,  some  three  or  four  years  before  the  appearance  of  the 
earliest  reports  in  foreign  journals.  W«  mu«t  refer  the 
reader  to  Beht's  monograph  for  further  details  on  this  snb- 
ject'. 

It  is  only  quite  recently,  in  1904,  tliat  observations  based 
on  precise  metlMds  of  measurement  have  appeared,  with 
records  of  Uic  iiuality  of  the  rays  defined  in  d^rces  on 
Bf  Hoist's  radiochromometrtc  scale,  and  tlic  qttantily  in  Holz^ 
knecht  units. 

In  France  the  labours  of  Brocq,  BissirU,  Belot,  TuMer, 
Hard  and  Desfouts  and  Beclire  liave  hmiishcd  us  witli 
accurate  data  for  intervention.  Previous  observations  were 
not  without  value,  although  lacking  in  the  ali-iinpurtant 
data  of  nicasur«ncnt. 

When  one  is  in  tlic  habit  of  using  the  same  installation 
and  similar  focus  tubes  it  may  be  possible  to  give  approxi- 
mately the  same  exposure  without  the  use  of  any  measuring 
instnintent,  simply  by  noticing  the  iime  of  exposure,  and 
the  appearance  of  the  focus  tube.  Practise  and  daily  routine 
may  enable  an  operator  to  repeat  a  given  dose  with  some  ap- 
proach to  exactitude,  but  c^'en  then  the  "personal  equation" 
of  the  observer  comes  into  question.  The  great  a<Ivant-ige 
of  measurement  is  that  it  renders  possible  the  coiuparis<w 

'Miinrficner  MrJicintiche    Woclieiisclirifl.  Not.  24.  1003. 
■Bclol.    Radiotherapy  in  Skin  Divcntcs.    Rebiiun,  iggs. 
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of  the  observations  of  difTerenl  operators.  In  consequence 
of  tlie  adoption  of  Benoist's  aiid  Hohkmchfs  instruments 
the  rules  of  procedure  are  more  or  Ic&s  established,  and  the 
technique  has  been  formulated  and  may  be  understood  and 
repeated  by  practitioners  all  over  the  world. 

Wc  may  now  proceed  to  pass  in  review-  the  mctiiod  of 
procedure  for  each  variety  of  cancer. 

a.  Concer  of  the  ikin.~V\ril  as  to  the  indications  for 
radiotherapeutic  treatment. 

Where  there  is  a  well-defined  cancerous  nodule  witli  no 
infection  of  the  glands,  we  should  advise  the  total  ablation 
of  tlie  lesion  by  means  of  a  surgical  nperation. 

Where  there  is  an  affection  of  the  glands  tliis  may  pos- 
sibly be  non-canccTous  and  merely  inflammatory.  Such  an 
adenopathy  may  frequently  be  cured  by  irradiation  of  the 
tumour  or  of  tlic  glands  themscives.  When  the  glands  are 
already  affected  X-rays  should  be  used,  since  one  is  never 
sure  of  getting  rid  of  the  whole  of  the  disease  by  surgical 
means. 

Radiotherapy  should  be  preferred  whene\'er  the  result  of 
an  operation  is  doubtful. 

Where  there  is  a  central  ulceration,  with  a  hard  ring-like 
margin,  the  "epithelioma  adulta"  of  Leredde  and  Hailopeau, 
radiotherapy  is  more  especially  indicated  on  account  of  the 
very  satisfactory  results  of  the  treatment,' 

We  should  also  have  recourse  to  the  X-rays  in  the  treat- 
ment of  widespread  cancerous  ulceration  of  the  face,  since 
it  is  surgically  inoperable.  If  there  is  much  redundant 
growth  a  pre\-ious  scraping  by  means  of  the  curette  may  be 
of  service  (Behl). 

In  epithelioma  with  pearl-like  growths,  which,  as  is  well 
known,  is  a  comparatively  benignant  form,  the  pearl-like 

>  Thit  central  uldn*  with  lurd  margin  U  apparmtly  <hc  "Rodent 
ulcer"  ol  EnglUh  l«xt-U>ok>. 
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cjtcrcsccascs  may  be  removed  by  scraping,  and  the  case 
aftcnivards  treated  by  radiotherapy. 

Cardnomatous  notlo&ities  of  llie  skin,  such  »  are  fre- 
quently seen  in  cancer  oi  the  breast,  arc  best  treated  by  the 
X-rays. 

We  may  also  treat  by  means  of  radiotherapy  the  early 
forms,  such  as  cancer  of  tlie  face,  while  we  are  still  doubt- 
ful as  to  the  nature  of  the  case,  and  are  keeping  the  patient 
under  obiwrvalion  before  operation.  Cancer  of  ihc  lower 
lip  is  ver)'  rebellious  to  the  action  of  the  X-rays,  so  tlial 
it  should  be  operated  upon  at  once  whenever  possible. 

The  indications  for  surgical  interference  are  tlins  some- 
what restricted,  and  they  will  become  nwre  so  as  radio- 
therapeutic  treatment  improves. 

In  all  cases  it  may  be  laid  down  as  a  general  rule  that, 
after  operati'in  we  should  not  ^vait  1:11  ihe  wound  i*  coiii* 
pletely  healed  before  commencing  X-ray  treatment  in  order 
to  prevent  recurrence. 

In  the  treatment  of  cancer  some  autlwrilies,  such  as  Brocq 
and  Belol,  give  in  a  single  seance  the  full  dose  compatible 
with  the  integrity  of  the  superjacent  tissue,  while  others, 
following  the  example  of  Scfiiff  and  Preiind,  use  short  expo- 
sures repeated  two  or  tliree  times  a  week.  I  have  already 
given  the  reasons  why  I  prefer  the  latter  mctltod. 

Tlie  following  is  the  method  of  jirocedure  in  the  Hopita) 
Broca:' 

(i)  In  cases  of  epithelioma  with  raised  edges,  which  we 
may  take  as  a  tjpc.  lo  H  to  il  H  is  given  in  one  or  two 
seances,  taking  care  to  irradiate  the  sound  skin  for  a  distance 
of  at  least  live  millimetres  beyond  the  margin  of  the  lesion. 
If  the  disease  has  attacked  a  sensitive  region,  such  a*  the 
nose,  the  dose  should  not  exceed  S  H  to  9  H.  At  the  end  of 
three  weeks  another  exposure  may  be  given,  and  tliis  tnay 
be  repeated  every  fortniglit  or  three  weeks  Willi  doses  of 

>  BdoL    Radiotherapy  in  SIcin  Diicatei. 
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5  H  to  lo  ]  I,  according  to  tlie  degree  of  reaction  and  tlic 
state  of  tbc  tumour.  1  tic  total  dose  required  for  a  complete 
cure  18  from  3o  11  to  45  11,  with  rajrs  corresponding  to  Nos. 
5  and  6  on  Benout't  scale. 

Tbc  method  of  fractional  doses  consists  in  giving  a  short 
exposure  two  or  three  times  a  week,  taking  care  not  to  set 
\Vlf  any  reaction  above  a  slight  degree  of  cr>-thcma.  During 
the  first  seance  4  H  to  5  H  may  be  given,  and  this  should  be 
followed  by  still  shorter  exposures. 

In  the  treatment  of  cancerous  glands  rays  of  penetration 
Nos,  6  and  7  may  be  used. 

After  the  first  apjilications  the  pain  diminishes  or  disap- 
pears entirely,  the  offensive  smell  is  diminished,  and  there 
is  3  temporary  increase  of  the  discharge.  The  rabcd  edge  i* 
Battened  and  the  wound  diminishes  in  size. 

The  mode  of  operation  for  the  treatment  of  other  varie- 
ties of  cancer  differs  but  little  from  tlie  above. 

Histological  modiHcatiott  i«  coMerous  tissues  caused  by 
irradiaiion  u-ith  X-rays. — The  researches  of  various  authors, 
and  especially  those  of  Pusey,  have  enabled  us  to  observe 
the  action  of  the  X-rays  on  tlie  evolution  of  cancerous  tu- 
mours. At  the  beginning  of  the  treatment  only  those  cells 
are  affected  which  are  at  tiie  periphery  of  the  cancerous 
islands.  Their  nuclei  arc  brc4cen  up,  becoming  of  a  blue 
tint  when  stained  with  hiematoxylin.  The  vessels  in  contact 
with  the  new  growtli  become  affected  with  endarteritis  ob- 
literans. In  section,  the  subepidermal  connective  tissue  pre- 
sents bands  of  6brous  tissue  which  stain  pale  blue  with 
hematoxylin,  showing  that  the  degenerative  process,  whidi 
was  at  first  confined  to  the  periphery  of  the  cancerous 
islands,  is  extending  through  the  whole  mass  of  the  tumour. 
'  It  is  the  cancer  cells  themselves  which  are  attacked  by  the 
^^  X-rays,  and  take  on  a  special  form  of  dqfencration,  beii^ 
^K  ultimately  replaced  by  healthy  connective  tissue.' 
^H      *  Belot.    Radtotlieraiir  in  Skin  DiicaMS. 
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b.  Canetr  of  the  Tongue  and  Mouth. — The  results  of 
radiotherapy  in  this  disease  are  not  so  brilliant  as  tliose  in 
skin  disease.  It  is  belter  to  liave  recourse  to  surgical  inter* 
vention  whenever  possible,  ami  to  treat  the  patient  with  (he 
X-rays  immediately  after  operation  in  order  to  ob\-iate  re- 
currence. In  inoperable  cases  we  may  have  recourse  to 
radiotherapy,  which  in  certain  forms,  not  at  present  well 
defined,  gives  most  excellent  results.  At  all  events  the 
X-rays  will  calm  the  pain,  which  is  often  intolerable  in  this 
affection. 

The  application  of  the  rays  is  often  very  difficult  in  con* 
seqtience  of  the  position  of  the  tunwur.  We  may  use  Oudin's 
lube  designed  for  this  purpose,  or  Beht's  localiscr.  For  those 
who  do  not  possess  these  adjuncts  I  will  describe  the  method 
which  I  use  mysdf.  A  wooden  case  lined  with  lead  is  sup- 
ported at  cither  end  on  a  suitable  stand,  so  that  it  can  be 
placed  in  any  pa'iition.  Tlie  focus  tube  is  suspended  in  the 
centre  of  this  case,  and  ts  separated  from  the  lead  lining 
by  plates  of  glass  and  oil-silk  so  as  to  avoid  sparking,  A 
window  in  the  rear  enables  one  to  watch  the  action  of  the 
tube.  There  is  an  orifice  in  the  side  directed  towards  th« 
patient  The  orifice  is  furnished  with  a  deep  rim  of  lead. 
When  called  on  to  treat  cancer  in  a  difficult  region  I  fix  a 
cylinder  or  cone  of  lead  on  this  rim  and  cut  it  to  fit  the  place 
of  applicatiocL  In  other  cases,  as  in  the  tip  of  the  tongue, 
for  instance,  I  fix  a  metal  plate  on  the  patient's  skin  by 
means  of  plaster.  An  orifice  is  cut  in  the  plate  correspond- 
ing to  the  area  to  be  irradiated,  care  being  taken  to  keep 
this  area  within  the  limits  of  the  field  of  irradiation  defined 
by  the  opening  of  the  tube  carrier. 

In  irradiating  cancer  o£  the  tongue  Na  5  rays  should  be 
used. 
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c.  Coneer  of  ttu  Breast. — In  1900  Giimann  reported  to 
the  Clinical  Society  of  Chicago  the  iirst  scries  of  cases  of 
cancer  of  the  breast  treated  by  radiotherapy.  In  the  twenty- 
five  cases  reported  there  were  only  two  failures.  Beck, 
Clark,  Hopkins,  Mikulics  and  Fitting,  Schifl,  Morton  and 
others  have  obtained  more  or  less  encouraging  results.  On 
the  other  ttand,  Coley.  in  E903,  declared  that  in  30  cases, 
two-thirds  of  which  were  round-celled  cancers,  he  only  ob- 
tained a  temporary  improvement  in  four  cases.  Tlicre  are 
no  doubt  well  authenticated  cai»es  of  cancer  of  the  breast 
cured  by  radiotlicrapy,  but  there  are  also  many  cases  of 
failure. 

We  may  say  tliat  the  X-rays  will  almost  certainly  cure 
ilie  cancerous  ulceration,  diminish  the  i>nin,  atid  decrea&e  the 
tumour,  and  even  in  certain  cases  cause  its  complete  disap- 
peaftnce. 

According  to  Morton,  after  operation  for  cancer  the 
wound  should  be  systematically  irradiate<i  so  as  to  obviate 
any  danger  of  recurrence. 

Tlic  following  are  llie  rules  I  observe  in  the  treatment  of 
cancer  of  the  breast : — 

1,  If  the  mmoiir  is  operable,  not  ulcerated,  and  the  glands 
of  the  axilla  are  not  alTeclcd.  I  advise  operation.  The  case 
to  be  treated  afterwards  with  X-rays  so  as  to  prevent  re- 
currence.   ■ 

2,  If  the  cancer  is  ulcerated  I  commence  radiotherapeutic 
treatment  at  once,  with  the  certainly  of  hciiling  the  ulcera- 
tion, bnt  not  of  avoiding  recurrence.  At  the  commence- 
ment I  employ  No.  4  or  No.  5  rays,  with  two  seances  a 
week,  and  when  the  ulcer  has  healed,  I  continue  with  more 
penetrating  nys,  Nos.  7  to  9,  in  hopes  of  diminishing  the 
tumour  itself. 

If  the  case  is  one  of  recurrence  after  operation  and 
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non-operable,  with  cancerous  growths  around  the  cicatrix, 
cancerous  glands,  and  a  tendency  to  metastasis,  I  treat  with 
radiations  is'os.  7  to  9.  [n  such  cases  there  is  not  much  hope 
of  success.  Occasionally,  however,  one  niccts  with  surpris- 
ing results,  and  having  r^ard  to  the  inutility  of  all  other 
modes  of  trcatmeiit,  it  is  the  duty  of  the  surgeon  to  try  the 
X-niys  even  in  the  most  unfavourable  cases. 

d.  Deep-seated  cancer  of  the  asophagm,  slomaek,  m" 
testines,  kidneys,  bladder,  etc. — We  have  no  precise  infor- 
mation as  to  the  action  of  the  X>ra>'s  in  these  cases.  It 
should  be  a  general  rule  (o  treat  all  ini^>erable  cases  of  can* 
ccr  with  penetrating  rays,  No«.  7  to  9.  In  cancer  of  the 
uterus  we  may  use  Oujin's  lubes  (450),  or  Belol's  localiser 
introduced  into  the  vagina,  employing  rays  of  penetration 
No.  5  or  No.  6,  and  ending  up  with  irradiations  of  the  ab- 
domen, with  rays  Nos,  7  to  9.  One  of  ilw  most  remarkable 
cases  of  uterine  cancer  cured  by  the  X-rays  was  reported  by 
M.  A.  Cleaifs,  in  1902.  It  was  an  inoperable  case  of  cancer 
of  the  neck  of  the  wonib,  involving  the  va^nal  walls  and  the 
broad  ligament,  die  patient  being  in  an  advanced  stage  of 
cachexia.  She  was  treated  by  means  of  an  ordinary  focus 
tube  placed  in  front  of  a  Ferguson's  speculum.  Cure  re- 
sulted after  i  to  seances  distributed  over  a  period  of  four 
months,  radiothcrapculic  and  phototherapcutic  treatment 
being  used  simultaneous!;. 


CHAPTER  XIV. 
FOREIGN  BODIES. 


560.  Presence  of  ionign  bodies. — When  the  presence 
of  a  foreign  IkhIv  is  siisiwctciJ  it  may  be  only  necessary  to 
decide  if  such  a  body  be  present  or  not,  without  deter- 
mining its  exact  position.  This  is  the  case  with  a  foreign 
body  in  the  digestive  track  or  the  urinary  passages,  or  a  cal- 
culus of  the  kidney,  or  a  sequestrum  of  bone.  A  screen  ex- 
amination or  an  ordinary-  radiograpli  will  be  sufficient  for 
this.  The  fluorescent  screen  is  in  some  ways  more  conve- 
nient, since  by  its  means  we  can  tell  the  position  of  the 
body  with  respect  to  a  bone  or  an  organ  whose  shadow  is 
■visible.  If  the  focus  tube  is  moved  behind  tlie  region  to 
be  observed  tiic  displacement  of  the  shadow  is  greater  the 
nearer  the  opaiiue  body  is  to  t!ie  focus  tube.  By  3  similar 
means  we  may  judge  of  the  position  of  a  foreign  body  in  the 
orbit  (557). 

In  other  cases  we  need  to  know  the  exact  position  of  the 
foreign  body  in  order  to  extract  it. 

Two  cases  occur. 

I.  The  foreign  body  is  in  an  accessible  f-osition,  the  hand 
or  foot,  or  a  limb.  It  is  usually  sufficient  to  examine  the 
r^on  by  means  of  the  fluorescent  screen,  and  to  note  its 
position  with  regard  to  some  bone  or  other  anatomical 
point  of  reference.  Then  if  we  examine  it  in  different  po- 
sitions, with  different  incidences  of  the  rays,  we  may  judge 
the  position  of  the  body  and  its  depth  from  tfic  surface.  It 
may  be  advisable  to  mark  points  of  reference  on  the  skin. 
In  operating  on  thicker  regions,  stKh  as  the  thigh,  it  is  bet- 
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ter  to  have  recourse  to  ilic  more  accurate  methods  of  locaJi' 
satton  (IcKrilwd  (mther  on.  It  may  be  that  wc  arc  unable  to 
find  the  foreign  body  after  we  have  made  the  ncccssao* 
incision.  Wc  may  then  search  for  it  further  by  means  of 
the  screen.  In  small  operations  which  may  be  done  in  the 
dark  room,  it  is  easy  to  darken  the  room,  replace  tlie  pa- 
tient on  the  coitcl),  and  seek  for  the  object  with  the  assist- 
ance of  the  shadow  of  the  forceps  in  tlte  wound. 

By  this  procedure  I  have  often  been  able  to  remove  a 
needle  from  (he  hands  or  fingers.  We  must,  however,  be 
on  guard  not  to  overexpose  tlic  patient.  It  is  easy  to  under- 
estimate the  lapse  of  time  when  one  is  seeking  for  a  needle 
which  eludes  one's  gnis-p.  Moreover,  one  is  liable  to  bring 
the  limb  too  near  to  the  focus  lube.  On  one  occasion  1  was 
more  than  40  minutes  seeking  a  needle  embedded  in  the 
fleshy  part  of  the  hand,  and  produced  a  derm-ititis  both  on 
myself  and  on  the  patient,  tlie  latter  passing  througli  all  the 
phases  of  a  lesion  of  the  third  di^^rce. 

2,  The  foreign  body  may  be  embedded  in  at*  inaccessible 
region,  the  head,  the  trunk,  or  the  thigh.  We  must  then  use 
measures  of  greater  precision.  'n)rse  may  be  found  de- 
scribed at  lengtli  in  Bouchard's  treatise.  We  may  employ 
the  stereosco[»c  method  by  nteans  of  Marie's  stcreome- 
tcr.  Or  wc  may  use  one  of  the  procedures  due  to  \faeken- 
mU  Domdson  and  Hedley,  to  Remy  and  Contremaulins,  or 
those  of  GuUlos,  Mergier,  Londe,  Leduc,  or  Massiot.  The 
method  wc  most  commonly  employ  depends  on  tlie  principle 
of  the  three-legged  compass  used  by  sculptors. 

Tliis  tliree-Iegged  compass  is  placed  on  t&ree  points  of 
reference  marked  on  the  skin,  while  a  fourth  branch  gives 
the  direction  and  position  of  the  foreign  body. 

The  following  is  the  mode  of  procedure : — 

a.  Two  radiographic  projections  of  the  fitreign  body  arc 
nade,  the  con^asMs  having  been  previously  placed   on 
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three  marked  points  on  the  patient's  body  wliidi  enclose  the 
probable  position  of  the  object.  Tlic  patient  is  then  re- 
moved and  the  plates  replaced  in  position. 

b.  Since  we  know  the  position  of  the  centre  of  emission 
in  each  case  we  can  reconstruct  the  cone  of  incidence  by 
means  of  threads.  The  intersection  will  give  the  position 
of  the  foreign  body  in  space. 

c.  After  the  patient  is  removed,  by  means  of  special  ap- 
psratus,  the  thrcc-lcggcd  compass  may  be  replaced  exactly 
in  the  position  it  occupied  when  previoiuly  placed  on  the 
marked  [)oints  of  the  patient's  skin, 

Tlic  fourth  branch  of  the  compass  is  broiiKht  to  touch  the 
intersection  of  the  thread  cones  and  is  lixed  then  in  posi- 
tion. 

d.  On  replacing  the  legs  of  the  compass  on  the  patient's 
skin  the  sound  will  shew  the  direction  and  depth  of  the 
foreign  body. 

By  this  means  the  surgeon  can  make  use  of  the  com- 
passes in  exactly  the  same  way  as  the  sailptor  would  do. 

Tile  above  is  the  mode  of  using  Massiol's  compasses, 
which  I  have  already  described.'  It  is  given  as  an  example 
of  the  principle  of  the  various  anterior  and  posterior  de- 
tectors now  manufactured, 

'Radioicopie  ct  Radiograplue  cliniquc  de  prcdsion.  Guilltminot, 
1900. 
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Rliinophyma    485 
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Rhythmic  current,  effect  on  muscle 3ti 
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Rich's  reaction 368 

Rickets    446 

Ringed   bougie 465 

Ringworm   497 

Rochefort  resonator  137 

Rodent  ulcer 494,  559 

Riintgcn  rays  178 

Rotary  ozone  generator 226 

Ronmailhac's  electrode 519 

Ruhmkorff  coil 99 
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Sabonraud  and  Noire's  apparatus 205 

Sagittal  position  in  radiography 435 

Sarcoiemma 292 

Sarcoma    558 

Saturnine   polyneuritis 380 

Scapulo-humeral    atrophy 405 
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Scltaira  phototherapy 230 
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Sciatic  nerve,  neuralgia  of 397 

Sciatic  nerve,  paralysis  of 393 
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Scleroderma  493 

Scoliosis   397>44<^ 

Seborrhceic  eczema 476 

Secondary  cathode  rays ao8 
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Self-indnction  107 

Self-recording  register  for  ,alternating  currents 120 
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Senile  gangrene 423 
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Sensation,  effect  of  faradic  current  on 313 
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Serum,  conductivity  of 264 
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Sismotherapy 227, 356 
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Solenoid  234 
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Syphilis   439 

SyringoRiyeiitis   406 
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Tabei  ciorsales 403 

Tabetic  deafness 519 

Tahle  of  electrochemical  equivalents 348 

Tacbe  motrice 294 

Tachycardia  417 

Teeth  S'S 

Telangiecta.3e9  42S 

Tendinous   synovitis 443 

Tendon  reflexes  and  galvanic  excitability 373 

Tertiary  effects  of  ions 251 

Tesia    radiations 233 
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Tetanised  muscle 306 
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Theory  of  ions 243, 245 

Thermic  galvanometer 140 
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Thomson's  disease 373 

Three-legged  compass 560 

Thrombosis    412 

Tic  414 

Tic  doloreux 396 

Time  constant 108 
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Tongue,  atrophy  of 514 
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Tngeminal  nerve,  paralysis  of 385 
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Trochanteric  point .1.....  397 

Tuberculosis 533 

Tumours    445 

Tumour,  erectile 438 

Tympanum,  faradic  massage  of 521 

U 

Ulcer,  perforating 423 

Ulnar  nerve,  paralysis  of 389 

Undulalory   current    115,   33a 

Units.  C.G.S 6 

UnpoJarisablc  electrodes 249 

Upper  arm,  paralysis  of ,.,.... 39O 

Urethra,  stricture  of 465 

Urethriria    467 

Urinary   calculi ^04 

Urinary  secreiion,  action  of  high  frequency  on 33I 

Urinary  secretion,  action  of  static  bath  on 336 

Urine,  incontinence  of 472 

Urotoxic    coefficient 33t 

Urticaria    477 

Useful   power 22 

Uterine  appendages,  disease  of 447 

Uterine    deviation 452 

Uterine   fibroma 448 

Uterine    hsemorrhage 449 

V 

Vagina,  affections  of 457 

Vaginismus 457 

Valency  344 

Valleix,  painful  points 396 

Valves,  electrolytic  56 

Valve,  Villard 196 

Vapour  bath 34S 

Vapour  pressure  245 

Variable  current,  physiological  effect  of 390 
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Variable  period  of  closure 4 

Variable  state  of  current. 337 

Variable  state,  action  on  smooth  muscle  307 

Variable  state,  action  on  striated  muscie  300 

Variable  state,  effect  on  sensation 305 

Varicose  ulcer 439 

Varix 429 

Vamier's  radiodJagnostic  apparatus  4^ 

Vascular  and  lymphatic  systems 435 

Vascular  ruevus 428 

Vasodilatation    357,  476 

Vasomotor  effect  of  electric  spark 340 

Vegetations 458 

Velocity  of  cathode  rays 185 

Velocity  of  ions   364 

Velocity  of  X-rays  178,  sio 

Velum  palati,  paralysis  of 386 

Venous  telangiectases  42S 

Ventilation,  importance  in  high  frequency  work 339 

Vemey's  electrode  for  urethral  stricture 465 

Vibratory  massage  237 

Vibrotherapy 337,  3^ 

Vtllard'a  current  rectifier 55 

Villard's  interruptor 137 

Villard's  valve  156 

Vocal  fatigue 518 

Voice,  static  breeie  for  337 

Volt  II 

Voltmeter  g6 

Volvulus S38 

Vomiting,  nervous  533 

Vomiting  of  pregnancy 459 

Vulvar  affections 458 
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Warts  493 

Watt 16 
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Watteville  current,  influence  on  sensation 316 

Watteville  current,  influence  on  itriated  muscle 315 
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While  substanct  of  Schwann 374 
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Writer's  cramp 366,  415 
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Xanthetasma 490,  S47 

Xanthoma  490 
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X-rays,  physiological  effect  of 3SQ 
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X-raya  from  walls  of  focns  (wbe  aoi 
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